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Forward 


Nature Unbound, this instructional unit, has been developed to 
help high school students understand how all the pieces of their 
science knowledge are inter-related and to demonstrate how to 
connect those pieces to solve the puzzle of the natural world 
around them. 

This teacher guide includes activities that have been designed 
to be incorporated into and to satisfy the ecology components of 
a high school biology course. Ecology Course Level Expectations 
(CLEs) are assessed in the end of course examination for biology, 
and this unit provides students with relevant content to address 
those CLEs. 

Nature Unbound may also stand alone for high school 
elective courses in ecology, environmental science or agriculture 
education and resource management. 

Science CLEs are aligned with objectives, content, essential 
activities and assessment items. 

Before you begin, please 
¢ Read through the information in the introductory materials. 
¢ Have students read each chapter before beginning each lesson. 
¢ Adapt activities to suit the needs of your students. 


However you decide to incorporate the unit into your science 
curriculum, the overarching intent of Nature Unbound (and of 
all Discover Nature Schools units) is to lead student learning 
outdoors and into the natural world—the ultimate laboratory. 


Acknowledgments 

Writers: Pat Holloway, Carol Mahan, and Nancy Snider 
Editors: Regina Knauer, Kevin Lohraff 

Designer: Les Fortenberry 


Alignment: — Shelley Campbell 
Cover photo: Noppadol Paothong 
Contributors: Erica Cox, Veronica Feilner, Linda Lacy, 
Matt Seek, Greg Thurmon 

The Nature Unbound team would like to thank teachers 
from Fort Zumwalt School District, O'Fallon, who provided 
materials, ideas, and suggestions for this unit’s development: 
Janita Brockman, Linda Gaither, Kim Garbs, Gay Hermann, 
Angela Pecoraro, and Catherine Shomper. 

The Nature Unbound team would also like to thank high 
school teachers across the state who piloted this teacher guide and 
provided valuable insight and suggestions for its improvement. 


Table of Contents 


TOG CE NOUS cae 
Diiscover Ditties Sila ell ssa cesses yucdexGenadiasoneee cas voce cas iede esol pea enarcens once pauseuneavon etenaoncdieaoeneevoone em ueviedeeanonetmennelcceed 1 
A tree ne Be TIS Ua soca cna aesseeatr autistic at ccna ea nucaicunsahdacuncananneeu nda datbullniahnannasdaesentnduensieaens 1 
Unit Overview isicisteintiateestirtipiidtniirieatcn inca tnieeatanatanne aed aie cand elamnigaditdnen nat anole umnalandeehies 2 
je Nisa haha 1128S Tole, ee Mane See RN me eee DRDO eRe mT NOR Tm ON RI nT TENT EE TY OMIT Rie Chri Le ye na 2 
Witte Tn Prati 2 axdsacacesssnacacaaniensicaaedecanoncadasvnndcodnshscesavacanaabandecaten ansaantananige cecnsuatacashwdenavaukenaiaa tinearaadacteananoantensens a 
see Sy i NS cst teen gnc cca danced ea all Aha ever ella sateirgstad xuetbadiniavlcanlanpantouedeaneiedn a 
Studene Science: Nate OG le scisniecsccecssl twice dsnatelaarannnaidaarecinutetadasesanintinexdsaatad daandaiuiedonmendnianiniectumiacusuntcans D) 
Science Notebooks Meats issscaisvsacesdasencedasanstersnnitdunetvaiannnvedivabncddbsaicctsunneudsnbvccuianspnetasevnedlasensdlassucstanenextianavnaiawees 6 
Pre Uitte a |B GSN CES ase ccsenncuzatvneeantaavtestannessacdeneaeceepnneaenncessnssneede vate steenterseounnetnesmnueateoneasteareeanrenisomenannettenmteates 6 
Bc or INOUE DOOM srk ce cna panciarsecsteaseredesbesec ven sedcunesnes cuen encase neatiaieonequeenicererseuaes epaueisen ia Roteponeuened paawocaarnanmeanetatene 6 
Watiotial Serence: Leathers AssGci tian Ariel ey issesniciinrcennrinnincnedavepmna pea er eiieeni Aaa - 
Pieldl Tiivesti Sat ieiass, ccc sspsssnceass eestanienesvssoneetvsvincten x sscennvsmica any nck iva eyinctavannies toto tex ev sasiaeiesvcatanusnentvenieetea vance ta eamereasinnckeabans 8 
GONE Oia OF COCA IISEAS: | oy sczacenparapreiavausenntdaegannta brcuibxieotannnentadanioiondnd on snnebnspacs bnenbaresnpnvaasonsuetaieute Prenat brermemamnnaeeis 9 
ASSSESSIMENE SELALEQICS caine vesddesseevcaascgtensssceevesoudesasacdscayesustenscenuedioavedadonceneeeesussys cxtuncancendveuseueeasseeseieetecay; oeegeroaccieesess 9 
Alignment to Missouri Stamdards 200.000. ccccccssssssssssseunsssusesiusssinssnunsstsesisesssnseenete ul 
Science Course Level Expectations Alignment 0000.00. occ cccssesssssusesnsnnusssussessannsesenee 15 
7co|(01 1) th Spee ene ea ee Oe a ORee oe OER Semen Snn Tn me a ee ne 35 
Misconception Assessment for Nature UMDOUNnd .......ccccccccsscessecsssessssssssssteestsesesvesnsessnee 40 
PANSWVCES ccs ccnadwaienvivassniisritsicsseu tana eeitnaniehb eit zen nica ietacinnng aye cess sac nected enmbataehiseatnenk 41 
PRE/POST Assessment for Nature UNDOUNG ............ccccccrsscisscueucitutitnteieieieiesesiet 42 
IVS W/CUS -aicaccsiavca ces ue cba paces ne gvtatpn teres aces tran debripacta dete ven donadverentanvarrnn wacion eeeiae tennsinvcewer aes netebatiadtamenconsaeige 45 
NOUNS IS a 48 
Lesson 1: What is ECOLOGY? 0c cccccccccssssssessssnsssusssnsassatussninassunsnusatsentsentnsstinannstsensnsnseeste 49 
Oueline at Amswers to OD eCuyes inaccetusowselavsneianemertinsentsisruntatiatewentntinestanroerimeunctmrapedtanienedlanianrtah meatauratentunsnnetind 51 
Essential Activity 1.1 Schoolyard Ecosystem—Biotic and Abiotic Factors.....cccsccssssesesseeeesseeeeceesesenseaeeeseenees 53 
Essential Activity 1.2 Ecology—The Big Picture: Examine the Parts to Make a Whole... cecceceeeeeeseneteees 56 
Essential Activity 1.5 Establishing Study Sites and Collecting Data rccciisicccsisscvcoenaacaennsesnercseseuasicisnasondrebsanss 58 
Tceseata: UT ich tC Miciptet P sere vee 0 aac ccancad cna oc cade daca lta ced ec a caueendeetanaeeh Sesdeen toad aga alcantetis 65 
Teameitn I: Titel or G Wiener 5 Ot a Cah cots cetacean tac cen ren dea cee tatbad al aaedalnc bites 67 
Lesson 2: Reproduction and Adaptation 2.0.0.0. ccccccccccssessssussssssssnsstussstnsesensessnnsseunee 69 
erties yet s te OB eStart where caciap tase deca panes rand caualaemndbaucsiealecaipetad lanes auiialenseeeiapalesas 72 
Essential Activity 2.1 Search for Reprodictiott sss icsessssctasssacccansnsdeantesnseusenssuannaacsiuveccuaseateavennsauoencsiainaaesinvectlans 76 
Essenitial Activity 2.2 Gragslop piers ucvissssieserevavenicesneesccanstspsng napisanenvsunnvie canes cewaven tuwbaenivstele puabntewwsiaven dsubetvvanonden 79 
Essential Activity 2.3 Reproduction, Management and Restoration .........cecssessseeessesseseseseeeecaeeeceeeeeseeesaeeeeeenens 82 
Optional Activaty: 2A. Bers et ag ecnes os senaccrsinnndersenncsieainnorenvenccerpatteOonacectenienpiasnisabrsrteereniensvarnacaestinenmanirindt 84 
Optional Activity 2B Adaptations a cicia sass stucancscinia ceininucenepeavetinesiacanssusccasbunatants ickeniwedtouantuanmociinmestiniauctepuucrtan 87 
Lesson 2 End of Chapter Asseesiitenit ass cs cavescnstesenentovarcesdvensuiieens xsivae pisietvceuionbrantaton ceudpsupenspiey ioepnindeatevin flsaveneeubeenia 90 
Aci sre we my vce o vg Whyte og tae Cer 0 beta 01 | cate epee ree net PPPOE OTST nCOPET op TY Cnt Er ea ren opr preter se rere nerr rt trator tote errr rt tery fer Pret 92 
Lesson 3: Population Checks and Balances... cccccccccccssssssessssnsessusssiunsssunsttnsessnsessensseen 95 
PG i dbiavcuenma st Cra fo cece 1b) (81 ck ee OR ae Ro Ee To On Ren R ET el SPR NO At eee mre nn 98 


NATURE UNBOUND: THE IMPACT OF ECOLOGY ON MISSOURI AND THE WORLD 


Essential Activity 3.1 Mark and Recapture: A Method of Estimating Population.......ccceseseseeeeeneeeeseeeesees 100 


Essential Activity 3.2 How Da Scicntists Kaw? senieseeissriescessesspsnaseresovedechsrncaeieipececesnnssnssnnspceennevarisnsdneseassunct 103 
Essential Activity 3.0 Elli Miss0uth ican uccinnctiiniziaadonhaccomniatiannniniudandcacinnnetceanmtenueniianead 107 
Optional Activity 3A. Mark and Recapture: A ltcriiative MethOd occsxiscsssssacnrisrcnscsooscersiangdbursiincncassnnstarianncnsanebns 113 
Lesson 3 Eiid, or (Wap tek A Sse Seite succes ssicch anata tesa tiaadbasanapes teacadbaenauceBisiasiatiaime Uipantebhitacdulanadas Mseietarnancuaoes 115 
Dessert Teed Or (Wien ci See a pet fc Aint Lael tape cad Daas 117 
Lesson 4: Interactions—Costs and Benefits of SUIViVal a sssesstasisicisinienene 119 
Ont hina ait An sevets to. Obj Se tiv 68 ices isis dtc nteectelccaricl gabecsonetanina naigian acaleiaeaaiaaueentabkeccni maior teentennuciagaders aden 122 
Essential Activity 4.1 On the Hunt for Interactions sstisisdeissescstsanvssccssvenasedabanccsasduevuneticeiansssaceuvonnedisnionbasanncosunes 124 
Essential Activity 4.2 Tree Invector y cia pusisctansnetncrantenedeineretiansvesievereep taretnialsoiedientnpuanielenmunnanin ween 127 
Lesson-4 End ot Chapter Assessmientivssccaavessacaiesnacsessacsiiesshvacstveniactanesinntasirstiectnssicesienweaiceinwaninstanannaiahssiceeisatisebaswsnncuenee 133 
Lesson Brad of Chapter Seer iine Gide cj oynes cccppaventonarapsionneuiuneube pues sex iceosuvianninea dhenndestensacspscaveaecenpadeantnrausnrnenite 135 
Lesson 5: Extinction—Causes and COMS@quences ....occcccccssccssssesssssssssssssssssessssesessenssee 137 
Outline of Answers to, Objeetives x scedesasetiiasacteisacsiph ceasanoundiennnbocteassoutensacculehs teatanewcbuaponnoaivanneaaphuasaignceauonactianns 140 
Essential Activity 9.) What Would (Should): You (060 sisesesieiceiadeesaienn aleseasieri elatlptedatloininbbamnudeneedwareeanapivboresdins 142 
Essential Activity 5.2 Risk of Extinction iacnciceadiseediastiaruarcannsdavenndianiccenie ica aanndoaneiucaan 146 
pric tiea Acta SA Mia ais vi: Vives asec cet a de lcci aan awa lads nail aelleatonbensents 148 
Optional Activity SB Species of Conservation Comet itiaias deca. scctaussicacisanecesunsicesieasitensssvdeciubantinassutepaubiedsaaaubessae Ie 
Teseiaite 5 tick Or (iat ieee SS eS RESIN ered gn cabs itaranesntrcenn ueeaptiona aun delet dean ceameeuneaegabdeantipedaktsenialiasbs 155 
Lesson Sind Or ap rek Sear ins Cuine iiacnccts ceatuatsauceiadancuaibiatiaeaectictadaeinicnduasaasootatidutaniadeatetiasatadinndiectacseaciale 157 
Lesson 6: Exploring the Nature of Energy FW... ccscssssssusesunsnsanssansnseenseeuee 159 
Outline af Answers to (IDjeCti yes sciecssscedensovrtanvanteasmnacetdnsencedpsavecsnssonitcnssteutannncet uemceedosancetvisortanbveclinenatlvincetins 161 
Essential Activity G.1 Cate int 100 the We isuiaceninicusntesancsisnntenscinagepusnitensensantnrnnnuetiannteneceninebeenitentepiauartenstneteinecees 164 
Essential Activity 6.2 Enetpy Py raittnids soscsccssisscscassanncscusncisuvssnccanvescestvinascanincaacsundnesunernolanvssacstvennstupsnnacasanncisunes 169 
Lessen 0 liad ot (Maier Asses sini erat ss sudonnsineiessonteounaoa es aisceesanivca denies deste ainsasava toed tedecapsatnnsuinenpcairetepinintacouimrenes 172 
Léesson,6 End ot Chapter Scoritag Gide ij sesccavsssacssvsscteasssocensvssnenanseucruvansersurencesusstonatbvenccseunnceivasoacsiniasigsvannatanens 174 
Lesson 7: The Cycling of Elements Through Ecosystems 0.0.0.0... cccccccssssssssssssssessesenseneseee 177 
God iTe mela wet ie Care g © lb) cela2 2: eee Meee n eT amy NET AEE am MTU eEo em nN nee MOTE Coe mTOR ene te ewe oT 180 
Essential Activity 7.1 Element Journey siic.eiciindiiinieiciinncccidienientaniniendatiatiuonmnecnmnneennianends 182 
Essential Activity 7.2. [esting 200 Elements siorcascraiawervernnensrnetiontantninrsneeedarualdadstheaniaiantindenneensele 184 
Lessont.7 Bind or (Wap tel Asses ei iit ii icescccccesta cca ea eanactdeawccchiabaienacad axleaauuauds iceadcabineniasiabhapadiianeaemlamnecaaeaced 186 
Deseo 7 Eiri Or (atte Setar i tote cad codon i nk tlle hadron deseo 188 
Lesson 8: Diversity and Disturbance of Biological Communities... 191 
A uit hina ab Aas Wes ta XID OCEYES a nuezcaccoaavensyineeiepcaiarnrtionsdnconnuta ranita pnieiecep ubarinpeves aiuiotouczbaunidsenepiedepen asa raumnebaeonnsenes 193 
Essential Activity 8.1 Measuring Biodiversity iisiisswciccnsarsdesmncsinysacesrinasecdornnacbendateuseeionanenatoonnasusnmenciassgtiaees 195 
Essential Activity 8.2 Increasing’ BiGdiversit ys ccscetaaisacctssvodsseivespvissncensbsnssnsvansivvvediencesnveurenssrstncenevspeiensindvonoter 199 
Essential Activity 8.3: Thinking Like a Resource Managertissistascssstaccssvsncsstsssvesivaniestessnsiivanscnstvencedisvnoncssussncsunss 202 
Lesson 6 tad ar (Mra ier Assess ciat canes exnesncsouspardensnsnrawsennuczcesnksiesesbesnenpansesnthenssinnkedean sua enesnacexeniaceiutbeactonntente 205 
Lesser Teich Or C Getty teste Sein Goth accreting Seapets ddan hcinan cad eatnsn dec taanicindpetdilactemalgdecatnatenns 207 
Lesson 9: Culminating Activity—Researching and Planning Like a Resource Manager ..... 209 
PAID BR GING acs cssvinnivssoadebveanainsnspoaavsvavisive das abet sdhctvestsbobbenstotenalonbuplansetssdtbulipsdaonaidens 213 
Appendix le Score Grncle for Data SHECCS ister art eesathunexanvateseseeinisencecteardarbapbasbelatbu testes bergercadundieianccrabeedbns 213 
Ropendis 2 Checklist for Note pouless.cecitcscacccsctceidiannecisoutcxiaanancastnecctianteciaainas Sis aciecinatatsiieidia Ansa teciduancteoseaciad 214 
Peppemeise 5s Sear ne wile Met Cra Peet teat ices ee hee tind asec 215 
Appendix 4: Seormip Guide for Setemee: WaT cs scancectngersessincesonenpreancnesenpannnindiieaebeneteiaccstarireanstcsanpeveninaneeesensteiee 216 
Appendix 5: Scoring Guide for Experimental Desig iicsesicicinsanacanesdacedebucciiabs uxacave icteansanniansoneceatvabetanbatiasabouoteunes 217 


Il NATURE UNBOUND: THE IMPACT OF ECOLOGY ON MISSOURI AND THE WORLD 


Teacher Notes 


Discover Nature Schools 


Discover Nature Schools (DNS) is a science/conservation education program at its best. Instructional units comprise 
the backbone of the DNS program and include exciting and engaging hands-on activities designed to bring students in 
grades K-12 outdoors and closer to nature. 

Each unit includes colorful and engaging student books as well as teacher guides with activities designed to meet 
Missouri Department of Elementary and Secondary Education (DESE) state standards. Grade Level Expectations 
(GLEs) for elementary and middle school and Course Level Expectations (CLEs) for high school are addressed. 

DESE at this time has not distinguished biology CLEs specific to ecology. Therefore, the Missouri Department of 
Conservation has reviewed and assigned those biology CLEs that address ecology for use in this curriculum. Use of 
science notebooks by students is an important and integrated component. 

Lessons guide teachers toward utilizing immediate school grounds (schoolyard ecosystems) as important resources 
for student learning. At the heart of the DNS program is the belief that the more students equate the outdoors with 
learning, the more comfortable they become outdoors and the more in tune and familiar they become with outdoor 
environments. As students become more comfortable and familiar with learning and documenting outdoor experiences, 
the more they begin to think and act like observant scientists sensitive to and inquisitive about changes in outdoor 
environments. Many activities in each lesson are designed to be performed outdoors. 

Student books and teacher guides (as well as training in their use) are available to all Missouri educators. However, 
teachers who enroll formally in the DNS program are eligible for additional resources including grant opportunities for 
field experiences, outdoor classrooms and classroom materials to support specific instructional units. 


Timeline for DNS Units 


Middle School— Conserving Missouri's Aquatic Ecosystems 
Available since 2007 


Elementary School—WNature Unleashed: The Untamed World of Missouri Ponds, Forests and Prairies 
Available since 2009 


High School—Nature Unbound: The Impact of Ecology on Missouri and the World 
Pilot - fall of 2010 
Available fall of 2011 


Kindergarten—2nd grade—See How the Turkey Grows 
Pilot - fall of 2011 
Available fall of 2012 


Early Childhood 


Pilot - fall of 2012 
Available fall of 2013 
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Unit Overview 
Nature Unbound: The Impact of Ecology on Missouri and the World (Nature Unbound) is a unit designed to be taught at 
the high school level. Ecology CLEs are the primary targets. 

Nature Unbound does not teach basic biology course concepts but rather builds on the foundation of prior 
knowledge achieved by students in biology. 

Lessons with activities for teaching each chapter in the student book are provided (see “Lesson Components 
Overview” for more details) as well as alignment to the Missouri State Standards. An alignment piece in the form of 
a continuum chart is provided to reflect alignment of Nature Unbound to Grade Level Expectations (GLEs) in prior 
learning, Course Level Expectations (CLEs) in targeted learning; and Science College Board Standards for College 
Success in future learning. 

Essential activities should be taught sequentially in order to guide students toward designing a field study or a 
multi-step plan—gathering, recording and organizing data while outdoors and presenting a report of findings to the 
class. The Lesson 9 activity incorporates this field study or plan as a culminating activity. This is intended to allow 
students the chance to demonstrate their ability to think and act like scientists and to provide a key assessment piece for 
the teacher. 

Nature Unbound activities are designed to be adapted easily by teachers to meet student needs. Most activities in this 
unit are designed to get students outdoors and exploring, investigating and asking questions about immediate areas around 
their school. Science notebooks are integrated into each activity and can play a key role in student learning. By using 
science notebooks, students model the behavior and investigation methods of scientists. A variety of activities has been 
included to provide tools to meet diverse learning styles of students and to allow for teaching styles and preferences. 

A detailed outline of answers to objectives is included with each lesson for teacher reference. Formative and 
summative assessments are also provided for each lesson. 

A brief “misconception quiz” has been included and should be administered to students before beginning the unit 
to help identify and address any science concept misconceptions students may have. 

Students should take the pre-test at the beginning and again as a post-test at the end of the unit. Pre- and post-test 
scores are important tools for assessment of student learning and for evaluation of the Nature Unbound unit. 


Learning Outdoors 


Most activities for Nature Unbound lessons are designed to be held outdoors. Tips for providing successful outdoor 

learning mirror tips for basic, traditional indoor classroom management and learning: 

¢ Establish rules for outdoor experiences. 

¢ Become familiar with the outdoor areas to be used for the unit’s activities. 

¢ Locate and identify for students any poison ivy, thorny brush, etc. to be avoided. 

¢ Ensure that students are aware of their assignment(s) and time limit(s) as well as study/assignment locations, signals 
for gathering, signals for time, etc. 

¢ Discuss the importance of being prepared for outdoor learning: weather-appropriate attire, insect repellent, 
sunscreen, etc. 

¢ Provide field guides and/or encourage students to draw detailed pictures and write descriptions “to solve outdoor 
mysteries” when they return to the classroom. 

e Embrace unexpected teachable moments that might “interrupt” an outdoor learning experience. 

¢ Provide time for students to reflect on each outdoor learning experience. 

¢ Share your reflections with your students. 
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Unit Time Frame 


Nature Unbound unit (all lesson activities) approximately 3 to 4 weeks excluding assessments. 


“Estimated Time” section suggests how much time it may take to teach each lesson and activity. Actual time will be 
affected by the following factors: 

¢ daily schedule of the school 

¢ need for review of previous learning based on the extent of student prior knowledge 
¢ need for reteaching based on the results of formative assessments 

¢ additional resources/knowledge of teacher 

¢ time allotted for group presentations based on class size 

* time allotted for cooperative learning ativities 

¢ number of activities given as homework rather than completed as class activities 

* availability of resources for student use 

¢ number and type of “Extension Activities” and “Optional Activities” used 


Lesson Title Estimated Time 


Lesson 1: Activities 1.1, 1.2, 1.3—50 minutes 
What is Ecology? 


Lesson 2: Activities 2.1, 2.2, 2.3—50 minutes 
Reproduction and Adaptation 


Lesson 3: Activities 3.1, 3.2, 3.3—50 minutes 
Population Checks and Balances 


Lesson 4: Activities 4.1, 4.2—50 minutes 
Interactions—Costs and Benefits of Survival 


Lesson 5: Activities 5.1, 5.2—50 minutes 
Extinction—Causes and Consequences 


Lesson 6: Activities 6.1, 6.2—50 minutes 
Exploring the Nature of Energy Flow 


Lesson 7: Activities 7.1, 7.2—50 minutes 
The Cycling of Elements Through Ecosystems 


Lesson 8: Activities 8.1, 8.2, 8.3—50 minutes 
Diversity and Disturbance of Biological Communities 


Lesson 9: Culminating Activity— Minimum of (2) 50-minute class periods 
Researching and Planning Like a Resource Manager and 1 day for a field experience 
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Lessons 


A lesson is defined as a logical grouping of information to be taught. Individual lessons will most likely be taught over 
several days. A lesson in this teacher guide does not necessarily equate to a daily lesson plan. Lessons correspond to 
chapters in the student book. Lesson 1 in the teacher guide corresponds to Chapter 1 in the student book. 


Lesson Components 


Estimated Time—Estimated time for each lesson indicates the approximate time to teach the Essential Activities of the 
lesson. Estimated time for each activity does not include time for student reading of the chapter and may be adjusted 
for class discussions and outdoor research. 


Science CLEs—Only CLEs specifically addressed in each lesson are listed. Any portion of a CLE not addressed will 
have a line drawn through it. 


Vocabulary—Vocabulary listed in each lesson reflect terms bolded in the corresponding chapter in the student book. 
These are key terms that students must master to fully comprehend the concepts being addressed. These terms are listed 
in the CLEs and will be assessed. They are defined in the student book text and glossary. 


Lesson Objectives— Objectives addressed in the lesson are listed. 
Resource Management Objectives— Objectives addressed in the lesson are listed. 


Essential Questions for the Lesson—Essential questions are provided to guide students toward field investigations 
that have the potential to provide rigorous and engaging inquiry experiences. Essential questions may be used to set 
the stage for the lesson. They may be listed on a bulletin board, blackboard, whiteboard, etc. and are intended to help 
students think and address questions and ideas as scientists. 


Teacher Notes—lhis section provides information to help teachers prepare for the lesson. It may contain additional 
content information, notes or comments about the lesson, any necessary advanced preparation as well as suggested 
references for background information. 


Outline of Answers to Objectives—Content addressed by each objective has been outlined and included in each 
lesson. Page numbers included at the end of each objective refer to the relevant pages in the student book. 


Essential Activities—Most lessons have at least two Essential Activities. These activities address and help meet lesson 
objectives and CLEs listed for each activity. 
Essential Activities include: 
¢ Estimated time 
¢ Objectives 
¢ Teacher preparation 
¢ Materials 
¢ Procedure 
e Wrap up 
e Assessment 


Extension Activities—Extension activities are either optional portions of an Essential Activity or follow-up activities to an 
Essential Activity. Extension Activities enhance the Essential Activities but are not required to meet the lesson objectives. 


Optional Activities—Optional activities do not necessarily enhance specific activities nor are they required to meet 
lesson objectives. They do provide opportunities for further study related to the lesson. They may also provide an 
alternative way to teach one of the essential activities. If there are no optional activities for the lesson, this section 
heading will not be listed. 
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Summary—lhis is the “Big Ideas” list provided at the beginning of the corresponding chapter in the student book. 


End of Chapter Assessment—lhis section provides an opportunity for teachers to evaluate and adjust/revisit their 
instruction through assessment of student learning (i.e., what needs to be re-taught before moving on to the next 
lesson). Some or all of the items may be used in different ways depending on teacher preference and student needs. An 
answer key with possible points for each item is provided. 
Examples of some ways to use an End of Chapter Assessment: 
¢ Advanced Organizer—Students complete required items as they read the corresponding chapter. These are reviewed to 
determine student learning and understanding or are referenced during discussions and revised by students as needed. 
* Cooperative Learning—lIncorporate items into group discussions. 
¢ Worksheet—lItems used as in-class activity/activities or as homework when appropriate. Answer key may be used to 
grade responses. 
*  Quiz—All or part graded after completing all Essential Activities. 


Student Science Notebooks 


Science notebooks are an extremely useful tool for students and teachers alike. They promote good data collection 
and record-keeping habits and provide reference tools for students. For teachers, they provide ample opportunity for 
assessment of student work and data organization. 

An excerpt from Using Science Notebooks in Elementary Classrooms by Michael P. Klentschy published in NSTA 
Reports (monthly newspaper of the National Science Teachers Association), September 2008, Volume 20, Number 1, 
has been reprinted and included below with permission of NSTA. This excerpt provides useful information on different 
approaches to and support for the use of science notebooks. 

Klentschy (2008) states in the excerpt cited above that “scientists keep notebooks; students should do likewise. 
Scientists’ notebooks include what worked and what did not work in the investigation. They sometimes learn much 
more from what did not work.” 

Activities in this teacher guide encourage students: 

1. To develop their own methods of collecting, recording and presenting data from investigations and 

long-term observations 
2. To share, compare and discuss their methods and findings with other students 
3. To re-evaluate their methods, discuss whether or not their investigation was a “fair test” and discuss possible 

alternatives to their methods 
4, To maintain permanent records of all their discussions, observations, data recording methods, etc. 
5. To create testable questions, hypotheses and experiments or field research studies 

In this way, students are provided “with the opportunity to use science notebooks in much the same way scientists 
do” and students begin to recognize science notebooks as useful resources for future studies whether the methods used 
were successful or not. 

Science notebooks are important to use with most of the activities found in Nature Unbound. Students should 
record the basic information suggested in the science notebook headings on each outdoor (field) excursion. Abiotic 
factors such as weather and temperature will affect what they see. As students gather data throughout this unit, they 
should compare these field notes and draw correlations between abiotic and biotic factors. The data collection sheets 
supplied with some activities may be attached to the appropriate blank page in a science notebook. 

Heading information may vary, but the following basic information should be included for each activity heading. 
Repetition of this process will reinforce good record-keeping and data collection techniques useful to students 
throughout their school experiences as well as their lives. 
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Science Notebook Headings 
Title 

Date 

Time 

Location 

Air temperature (recorded outside) 


Weather conditions* (recorded outside) 
Rainfall 


* Weather conditions include cloud cover, wind speed and direction, humidity, etc. Students may collect information 
via the Web (http://www.noaa.gov). Collection of this weather-related data over time provides students the opportunity 
to correlate weather and weather patterns to organisms and organism behavior. Students should write summaries of 
such correlations and draw conclusions. How does weather affect animal behavior? How does it affect migration? How 
are plants affected by the weather? 


Klentschy, M.P., Using Science Notebooks in Middle School Classrooms, NSTA Press (Arlington, Virginia), 2010 


Additional Resources 

Britsch, Susan and Daniel P. Shepardson. “The Art of Reviewing Science Journals.” Science and Children, 
Nov—Dec 2004. pp. 43-45 

Campbell, Brian and Lori Fulton. Science Notebook: Writing About Inquiry. Portsmouth, NH: Heinemann. 2003 

Campbell, Brian and Lori Fulton, “Student-Centered Notebooks.” Science and Children, Nov-Dec 2004. pp. 26-29 

Calhoun, Jeri and Ellen Mintz. “Project Notebook.” Science and Children, Nov-Dec 2004. pp. 30-34 

Leslie, Clare Walker and Charles E. Roth. Nature Journaling. Vermont: Storey Books. 1998 

Moriarty, Robin, Jeff Winokur and Karen Worth. “Capitalizing on Literacy Connections.” Science and Children, 
Feb 2004. pp. 35-39 


Body of the Notebook 


Many of the activities start with a question and/or ask the students to develop a question. What students record in their 
science notebooks may vary according to topic but should include: 
¢ Record of observations including labeled sketches 
¢ Data collection—Provided data sheets should be incorporated into science notebooks. Encourage students to create 
their own graphic organizers (data tables, classifying charts, claim and evidence charts, etc.) in their notebooks. 
¢ Conclusion and/or Summary—Summarized information collected and answers to questions provided or 
questions created by students. 
¢ Reflection—Reflections on the process, recorded and shared. 
Were there other ways to collect the data? 
Were there tools that might have been better to use? 
What other way(s) could the investigation or experiment have been conducted? 
What other questions could/should have been asked? 
¢ Page numbers—Table of contents and page numbers (to allow reference to previous experiences) 
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National Science Teachers Association Article 

Editor’s Note: NSTA Press publishes high-quality resources for science educators. ... The following excerpt comes from Using Science 
Notebooks in Elementary Classrooms by Michael P. Klentschy, edited for publication here. NSTA Press titles are available online 
through the NSTA Science Store at www.nsta.org/store. 


Student science notebooks are advocated by researchers who believe that writing in science enhances 
student understanding of science content and process skills. Student science notebooks can be 
embedded into the science curriculum as a natural part of the goal to assist students in making 
evidence-based explanations of their science investigations. 

The student science notebook is more than a record of data that students collect, facts they learn, 
and procedures they conduct. It is also a record of students’ reflections, questions, predictions, claims 
linked to evidence, and conclusions, all structured by an investigation leading to an understanding of 
“big ideas,” not just factoids in science. As such, a science notebook is a central place where language, 
data, and experience work together to form meaning for the student. This form of competence or 
expertise is developed through active construction of knowledge. Students need time and practice 
using science notebooks to attain expertise. 

Student science notebooks, used well, become an embedded element in the curriculum and 
thus serve as a ready source of recorded data for both the student and the teacher. They become a 
direct measure of student understanding of the implemented curriculum and an important means 
for formative assessment. The science notebooks also reflect an accounting of the progression of an 
investigation as students formulate and record questions; make predictions; develop a plan of action; 
record observations, measurements, and data; link claims to evidence; and finally reflect on the 
investigation. They are the students’ personal record that can be referred to and revised throughout an 
investigation or even an entire unit of study. The science notebooks also serve as the evidence used in 
group and class discussion. 

‘There are many different approaches to having students create and utilize science notebooks: 
composition books, blank lab books, lined sheets of paper stapled together or loose-leaf binders. 

In primary grades, class or group science notebooks may be created for a unit of study instead 
of individual student notebooks. Classroom teachers often form covers in the shape of the unit of 
study, such as a round cover if the students are studying the planets or the Moon. Students as early as 
kindergarten should be encouraged to keep a record of science investigations. Often these entries will 
come in the form of scribbles or drawings only decipherable to the student. These form the foundation 
for later work, when more specific criteria and writing prompts or sentence starters are more formally 
introduced. The main objective is for teachers to initially provide students with the opportunity to 
record their science investigation. ... 

Scientists keep science notebooks; students should do likewise. Scientists’ notebooks include what 
worked and what did not work in the investigation. They sometimes learn much more from what did 
not work. These notebooks include data, drawings, charts, and reflections, as well as new questions. 
Scientist entries are a record of what was learned at the time of the investigation and are not crossed 
out or erased when new discoveries take place. Newer ideas, thoughts, and reflections are added as new 
entries. Classroom teachers should adjust their teaching to provide students with the opportunity to 
use science notebooks in much the same way scientists do. 


Citations [from full article] 

Amaral, O., L. Garrison, and M. Klentschy. 2002. Helping English learners increase achievement through inquiry- 
based science instruction. Bilingual Research Journal 26 (2): 213-239. 

Campbell, B. and L. Fulton. 2003. Science notebooks. Portsmouth, NH: Heinemann. 

Klentschy, M., and E. Molina-de la Torre. 2004. Students’ science notebooks and the inquiry process. In Crossing borders in 
literacy and science instruction: Perspectives on theory and practice, ed. W. Saul, 340-354. Newark, DE: International 
Reading Association. 

Klentschy, M. P., Using Science Notebooks in Elementary Classrooms, NSTA Press (Arlington, Virginia), 2008 
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Rivard, L., and S. Straw. 2000. The effect of talk and writing on learning science: An exploratory study. Science Education 
84 (5): 566-593. 

Shepardson, D., and S. Britsch. 2001. The role of children’s journals in elementary school science activities. Journal of 
Research in Science Teaching 38 (1): 43-69. 


Credit 
NSTA Reports September 2008. Used with permission from the National Science Teachers Association www.nsta.org 


Field Investigations 

Use of science notebooks and field investigation techniques by students are integrated components of the Nature 
Unbound unit. The following excerpt from Field Investigations: Using Outdoor Environments to Foster Student Learning 
of Scientific Processes developed for the Association of Fish and Wildlife Agencies’ North American Conservation 
Education Strategy and developed by the Pacific Education Institute is included here to provide teachers with 
background information on the importance of field investigations and how it relates to student learning. 


Field investigations help students become systems thinkers, learn the skills of scientific inquiry, and 
understand that science doesn’t only happen in a laboratory or classroom. Outdoor experiences in 
natural settings increase students’ problem solving abilities and motivation to learn in social studies, 
science, language arts and math. 

When planning and conducting field investigations, students and scientists grapple with the 
difficulties of working in a natural system and at the same time develop an understanding of its 
complexities and subsystems. Systems-thinking involves thinking about relationships, rather than 
about individual objects. A system can be defined in a number of ways: 
¢ An assemblage of inter-related parts or conditions through which matter, energy, and information flow. 
e An organized group of related objects or components that form a whole. 
¢ <Accollection of things and processes (and often people) that interact to perform some function. The 

scientific idea of a system implies detailed attention to inputs and outputs and interactions among 

the system components. 

State and national science education standards encourage instruction that focuses on problem- 
solving and inquiry—activities which characterize the pursuits of scientists. In field investigations, 
students pose a research question then plan and conduct an investigation to answer that question. 
Students use evidence to support explanations and build models, as well as to pose new questions about 
the environment. Students learn that the scientific method is not a simple linear process and, most 
importantly, experience the difficulty of answering essential questions such as: 
¢ What defines my environment? 
¢ What are all the parts and interrelationships in this ecosystem? 
¢ What is a healthy environment? 
¢ What is humans’ relationship to the environment? 
¢ How has human behavior influenced our environment? 
¢ How can our community sustain our environment? 
¢ What is my role in the preservation and use of environmental resources? 

Field investigations help students become informed citizen scientists who add knowledge to the 
community's understanding of an area in order to make issues of concern visible and share differing 
points of view about the preservation and use of community natural resources. 

Classroom science often overemphasizes experimental investigation in which students actively 
manipulate variables and control conditions. In studying the natural world, it is difficult to actively 
manipulate variables and maintain “control” and “experimental” groups, so field investigation 
scientists look for descriptive, comparative, or correlative trends in naturally occurring events. 
Many field investigations begin with counts (gathering baseline data). Later, measurements are 
intentionally taken in different locations (Ex. urban and rural, or where some natural phenomenon 
has created different plot conditions), because scientists suspect they will find a difference. In 
contrast, in controlled experiments, scientists begin with a hypothesis about links between variables 
in a system. Variables of interest are identified, and a “fair test” is designed in which variables are 
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actively manipulated, controlled, and measured in an effort to gather evidence to support or refute a 
causal relationship. 

For conceptual clarity, we have identified three types of field investigations—descriptive, 
comparative, and correlative. 


Descriptive field Comparative field investigations Correlative field investigations 
investigations involve involve collecting data on different | involve measuring or observing 
describing and/or populations/organisms or under two variables and searching for 


quantifying parts of a natural | different conditions (Ex: times a relationship. 
system. of year, locations) to make a 
comparison. 


Each type of field investigation is guided by different types of investigative questions. Descriptive 
studies can lead to comparative studies, which can lead to correlative studies. These three types of 
studies are often used in combination to study the natural world. 


Ryken, A. E., Otto, P., Pritchard, K., & Owens, K. (2007). Field Investigations: Using Outdoor Environments to Foster 
Student Learning of Scientific Processes. Pacific Educational Institute. 


Reprinted with permission from Dr. Margaret Tudor, Co-Executive Director of the Pacific Educational Institute, 
Market Place Office Building, 724 Columbia St. NW, Suite 250, Olympia, WA 98501 (mtudor@wfpa.org). 


Collection of Organisms 

Not all organisms need to be captured. Many organisms, including insects, may be identified by recording observations 
in the field and using field guides, Internet, etc. in the classroom. If it is necessary to capture an organism for 
identification and/or observation, release it where it was captured. Obtain permission to collect specimens whether 
collecting them from the schoolyard ecosystem or other sites. Collection permits may be required. Some areas, including 
state conservation areas, require a wildlife collector’s permit even if captured specimens are to be released unharmed. 


Assessment Strategies 


Several different assessment strategies are available at the end of each lesson to help determine whether students have 
grasped and fully understand the concepts addressed in the objectives. Both formative and summative assessment items 
are provided. 
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Alignment to Missouri Standards 


Missouri Science Concepts (Strands 1-6) addressed: 


ME.1.La 


ME.2.A 


ME.2.F.a 


LO.3.A.a 


LO.3.D 


LO.3.D.a 


LO.3.D.c 


EC.1L.A 


EC.1.A.a 


EC.1.A.b 


EC.1.A.c 


EC.1.B.a 


EC.1.B.b 


EC.1.C.a 


Compare the mass of the reactants to the mass of the products in a chemical reaction ofphysical change 
(e.g., biochemical processes, carbon dioxide-oxygen cycle, nitrogen cycle, decomposition and synthesis 
reactions involved in a food web) as support for the Law of Conservation of Mass 


Forms of energy have a source, a means of transfer (work and heat), and a receiver 


Classify the diff [ey Oe, LOU: Mere nee ~ 


amd describe the transfer of energy as it changes from kinetic to potential, while the total amount of energy 
remains constant, within a system (e.g., biochemical processes, carbon dioxide-oxygen cycle, nitrogen cycle, 


food web) 


Distinguish between asexual (i.e., binary fission, budding, cloning) and sexual reproduction 
There is heritable variation within every species of organism 


Describe the advantages and disadvantages of asexual and sexual reproduction with regard to variation 
within a population 


Recognize that new heritable characteristics can only result from new combinations of existing genes or 
from mutations of genes in an organism’s sex cells 


All populations living together within a community interact with one another and with their environment 
in order to survive and maintain a balanced ecosystem 


Explain the nature of interactions between organisms in predator/prey relationships and different symbiotic 
relationships (i.e., mutualism, commensalism, parasitism) 


Explain how cooperative (e.g., symbiotic) and competitive (e.g., predator/prey) relationships help maintain 
balance within an ecosystem 


Explain why no two species can occupy the same niche in a community (The functional role of a species 
is not limited to its placement along a food pyramid; it also includes the interactions of a species with 
other organisms while obtaining food. For example, the methods used to tolerate the physical factors 

of its environment, such as climate, water, nutrients, soils, and parasites, are all part of its functional 
role. In other words, the ecological niche of an organism is its natural history: all the interactions and 
interrelationships of the species with other organisms and the environment.) 


Identify and explain the limiting factors (biotic and abiotic) that may affect the carrying capacity of a 
population within an ecosystem 


Predict how populations within an ecosystem may change in number and/or structure in response to 
hypothesized changes in biotic and/or abiotic factors 


Devise a multi-step plan to restore the stability and/or biodiversity of an ecosystem when given a scenario 
describing the possible adverse effects of human interactions with that ecosystem (e.g., destruction caused 
by direct harvesting, pollution, atmospheric changes) 
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EC.1.C.b 


EC.1.D.a 


EC.1.D.b 


EC.2.A 


EC.2.A.a 


EC.2.A.b 


EC.2.A.c 


EC.2.B.a 


EC.2.B.b 


EC.3.C 


EC.3.C.a 


EC.3.C.b 


EC.3.C.c 


EC.3.C.d 
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Predict and explain how natural or human caused changes (biological, chemical and/or physical) in one 
ecosystem may affect other ecosystems due to natural mechanisms (e.g., global wind patterns, water cycle, 
ocean currents) 

Predict the impact (beneficial or harmful) a natural or human caused environmental event (e.g., forest fire, 
flood, voleanic-eruption,avatanche, acid rain, global warming, pollution, deforestation, introduction of an 
exotic species) may have on the diversity of different species in an ecosystem 


Describe possible causes of extinction of a population 


As energy flows through the ecosystem, all organisms capture a portion of that energy and transform it to a 
form they can use 


Illustrate and describe the flow of energy within a food web 

Explain why there are generally more producers than consumers in an energy pyramid 

Predict how the use and flow of energy will be altered due to changes in a food web 

Explain the processes involved in the recycling of nitrogen, oxygen, and carbon through an ecosystem 
Explain the importance of the recycling of nitrogen, oxygen, and carbon within an ecosystem 


Natural selection is the process of sorting individuals based on their ability to survive and reproduce within 
their ecosystem 


Identify examples of adaptations that may have resulted from variations favored by natural selection 


(exg5-tong-necked girattestong-eared-jack rabbits) and describe how that variation may have provided 


populations an advantage for survival 


Explain how genetic homogeneity may cause a population to be more susceptible to extinction 
(e.g., succumbing to a disease for which there is no natural resistance) 


Explain how environmental factors (e.g., habitat loss, climate change, pollution, introduction of non-native 
species) can be agents of natural selection 


Given a scenario describing an environmental change, hypothesize why a given species was unable to survive 
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Alignment to Missouri Show-Me Goals and Performance Standards: 


1.1 


1.2 


1.3 


1.5 


1.6 


1.8 


3.2 


3.5 


Develop questions and ideas to initiate and refine research 
(Activites: all) 


Conduct research to answer questions and evaluate information and ideas 
(Activities: 5.2, 8.2) 


Design and conduct field and laboratory investigations to study nature and society 
(Activities: 1.1, 1.3, 7.2, 8.3, 9) 


Comprehend and evaluate written, visual, and oral presentations and works 
(Activities: 4.1) 


Discover and evaluate patterns and relationships in information, ideas and structures 
(Activities: 1.2, 2.1) 


Organize data, information and ideas into useful forms (including charts, graphs, outlines) for analysis 
and presentation 
(Activities: 2.3, 6.1, 6.2) 


Apply acquired information, ideas and skills to different contexts as students, workers, citizens and 
consumers 
(Activities 2.2, 9.1,.3.2;3.3,4.2, 7.) 


Develop and apply strategies based on ways others have prevented or solved problems 
(Activities: 5.1) 


Reason inductively from a set of specific facts and deductively from general premises 
(Activities: 8.1) 


Alignment to Missouri Show-Me Goals and Content Standards: 


SCl 


SC3 


SC4 


SC7 


SC8 


Properties and principles of matter and energy 
(Lessons: 6, 7) 


Characteristics and interactions of living organisms 
(Lessons: 2) 


Changes in ecosystems and interactions of organisms with their environments 


(Lessons: 1, 2, 3, 4, 5, 6, 7, 8, 9) 


Processes of scientific inquiry (such as formulating and testing hypotheses) 
(Lessons: 1, 2, 3, 4, 5, 6, 7, 8, 9) 


Impact of science, technology and human activity on resources and the environment 
(Lessons: 1) 
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Alignment to Mathematics CLEs: 


N.1.B.A.2 Use real numbers and various models, drawings, etc. to solve problems 


N.3.E.A.2 Solve problems involving proportions 


A.2.C.A.2 Use and solve equivalent forms of equations (linear, absolute value and quadratic) and inequalities 


Alignment to Communication Arts CLEs: 


R3C2 


R3D2 


W2B2 


W3A2 


LS2A 


LS2B 


ILIA 


IL1C 


14 


Use details from informational and persuasive text(s) to 

analyze and evaluate the organizational patterns 

identify and analyze faulty reasoning and unfounded inferences 
evaluate proposed solutions 

evaluate for accuracy and adequacy of evidence 

evaluate effect of tone on the overall meaning of work 

analyze and evaluate point of view 

analyze and evaluate author’s viewpoint/perspective 
demonstrate comprehension skills previously introduced 


mo monoge 


Read and apply multi-step directions to perform complex procedures and/or tasks 


Compose text with 

a. strong controlling idea 
b. relevant specific details 
c. complex ideas 

d. freshness of thought 


Compose a variety of texts 

using narrative, descriptive expository, and/or persuasive features. 
in various formats, including workplace communication 
including summary 

including literary analysis 

including reflective writing 


ofnooP 


In discussions and presentations, 

* create concise presentations on a variety of topics 
* incorporate appropriate media or technology 

* respond to feedback 

¢ defend ideas 


¢ demonstrate poise and self-control 
Give clear and concise multi-step oral directions to perform complex procedures and/or tasks 
Develop an appropriate research plan to guide investigation and research of focus questions 


Record relevant information from multiple primary and secondary sources using a self-selected 
note-taking or organizational strategy 
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NATURE UNBOUND: THE IMPACT OF ECOLOGY ON MISSOURI AND THE WORLD 


Misconception Assessment for Nature Unbound 


Gathering Prior Knowledge 


| True | False | Statement about Ecology 


6. Reproduction is essential to the survival of individual organisms — not the species as a whole. 
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Misconception Assessment for Nature Unbound 


Answer Sheet 


Gathering Prior Knowledge 


6. Reproduction is essential to the survival of individual organisms — not the species as a whole. 


11. Half of the energy in a food web passes to the next trophic level 


10. Deer are a keystone species in Missouri 
12. Organisms intentionally affect changes in body structure. 


9. The growth rate in a population determines the hunting limits in Missouri. 


13. Dead organisms simply rot away, and their material disappears 
14. There are more consumers than producers in a food chain. 
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Pre/Post Assessment for Nature Unbound 


1. Which definition best describes ecology? 

Study of biology including cellular processes 

b. Study of ecologists including the work that they do 

c. Study of how nature works including both abiotic and biotic factors 
d. Study of populations including disease within populations 


2 


2. Which statement best describes conservation’s role in society? 
a. Conservation practices manage resources for the next generations to have and also use 
b. Conservation educates the public about ways that they can help Missouri animals 
c. Conservation educates landowners about the best way to manage ponds 
d. Conservation practices allow for ecologists to study nature 


3. Ecologists work by: 


a. First developing a question and then setting up an experiment 

b. First developing a question and then looking up the answers in credible sources 
c. First developing a question and then creating a model 

d. Bothaandb 

e. Bothaandc 


Use the following scenario to answer question 4, 5 and 6. 


Mead’s milkweed is an endangered species in Missouri. It is self-incompatible which means it produces seeds only 
when pollen from one plant reaches the flower of a different plant. Mead’s milkweed can also spread by sprouting 
stems from a long underground rhizome. 


4, Which reproduction strategy does Mead’s milkweed utilize? 
a. Asexual reproduction 
b. Sexual reproduction 
c. Bothaandb 
d 


Unilateral reproduction 


5. ‘The greatest genetic diversity can be found in which colony of Mead’s milkweed? 
a. Acolony that is treated with pesticides 
b. Accolony that reproduces by seed and vegetative reproduction 
c. Acolony that is located in Missouri 
d. Acolony that reproduces only by vegetative reproduction 


6. Which species would have the best chance of survival? 
a. A species that has a population of genetically similar individuals 
b. A species that has a very small population 
c. A species that has a population of genetically different individuals 
d. A species that has a very large population 
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10. 


11. 


12. 


13. 


14. 


What keeps species’ populations from exploding? Choose the best answer. 
a. Abiotic factors 

b. Biotic factors 

c. Limiting factors 

d. Reproductive factors 


Key measurements of a population that ecologists make are: 
a. Size, number of predators and carrying capacity 

b. Size, density and carrying capacity 

c. Size, density and dispersion 

d. Size, carrying capacity and dispersion 


What would happen, over time, if two species occupied the exact same niche? 
a. One would outcompete the other 

b. One would kill the other 

c. One would become dependent on the other 

d. One would mate with the other 


Imagine that the large mammalian predators have been eliminated in an area. What would be the impact to the 
ecosystem over time? Choose the best answer. 

a. Prey species would increase exponentially 

b. The balance of the ecosystem would be restored 

c. ‘The balance of the ecosystem would be upset 

d. Other species would not be impacted 


Which combination of characteristics bests describes a species most likely to go extinct? 
Small population with a small home range 
b. Large population with a large home range 
c. Small population with a large home range 
d. Large population with a small home range 


= 


Which of the following is the major factor causing extinction of a species? 
a. Hunting 

b. Habitat destruction or fragmentation 

c. Being hit by a car 

d. Competition of a non-native species 


Why are there usually fewer than five levels in an energy pyramid? 

a. Almost 90% of the energy in the first level is transferred to primary consumers 

b. Six levels would be too many 

c. Energy is lost as it is transferred to each trophic level, making less energy available at each higher trophic level 
d. ‘There are too many top level predators 


Suppose muskrats living in a marsh are overharvested. How would the flow of energy be altered? Choose the 
best answer. 

a. Less dominant wetland plants would not survive. 

b. The marsh would have greater diversity of herbivores. 

c. Cattails would dominate the marsh. 

d. Bothaandc 
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For questions 15-18, match the description with the appropriate abiotic cycle. Answers may be used once, more than 
once, or not at all. 


15. 


16. 


17. 


18. 


19. 


20. 
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a. Water Cycle 

b. Nitrogen Cycle 

c. Carbon Cycle 

d. Phosphorus Cycle 


Needed for plants to make amino acids and DNA. 

Transpiration is a process in plants that is part of this cycle. 
Precipitation + Runoff — Percolation are all processes in this cycle. 
A large amount of this element is stored as fossil fuels. 


Which community is more stable? 

a. One with a large biodiversity 

b. One with a small biodiversity 

c. One with a large variety of plant species 
d. One with a mall 


A tornado cuts a path through the Mark Twain National Forest. The trees in the forest were leveled, creating large 
swaths of open areas. Which answer best describes the succession stages that would follow this occurrence? 

Small trees followed by perennial plants and woody vegetation, followed by larger trees followed by a forest 
Annual plants followed by perennial plants and woody vegetation, followed by small trees, followed by forest 
Small trees followed by larger trees, followed by a forest 

People move in and subdivide the area into housing tracts 


ao oP 
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Pre/Post Test Questions and Answers 
for Nature Unbound 


1. Which definition best describes ecology? 
a. Study of biology including cellular processes 
b. Study of ecologists including the work that they do 
c. Study of how nature works including both abiotic and biotic factors 
d. Study of populations including disease within populations 
Answer: c 


2. Which statement dest describes conservation’s role in society? 
a. Conservation practices manage resources for the next generations to have and also use 
b. Conservation educates the public about ways that they can help Missouri animals 
c. Conservation educates landowners about the best way to manage ponds 
d. Conservation practices allow for ecologists to study nature 
Answer: a 


3. Ecologists work by: 


a. First developing a question and then setting up an experiment 

b. First developing a question and then looking up the answers in credible sources 
c. First developing a question and then creating a model 

d. Bothaandb 

e. Bothaandc 

Answer: ¢ 


Use the following scenario to answer question 4,5 and 6. 


Mead’s milkweed is an endangered species in Missouri. It is self-incompatible which means it produces seeds only 
when pollen from one plant reaches the flower of a different plant. Mead’s milkweed can also spread by sprouting 
stems from a long underground rhizome. 


4, Which reproduction strategy does Mead’s milkweed utilize? 
a. Asexual reproduction 
b. Sexual reproduction 
c. Bothaandb 
d. Unilateral reproduction 
Answer: c 


5. ‘The greatest genetic diversity can be found in which colony of Mead’s milkweed? 
a. Acolony that is treated with pesticides 
b. Accolony that reproduces by seed and vegetative reproduction 
c. Acolony that is located in Missouri 
d. Acolony that reproduces only by vegetative reproduction 
Answer: b 
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6. Which species would have the best chance of survival? 


10. 


1. 


12. 
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a. A species that has a population of genetically similar individuals 
b. A species that has a very small population 

c. A species that has a population of genetically different individuals 
d. A species that has a very large population 

Answer: c 


What keeps species’ populations from exploding? Choose the best answer. 
a Abiotic factors 

b. Biotic factors 

c. Limiting factors 

d. Reproductive factors 

Answer: c 


Key measurements of a population that ecologists make are: 
a. Size, number of predators and carrying capacity 

b. Size, density and carrying capacity 

c. Size, density and dispersion 

d. Size, carrying capacity and dispersion 

Answer: c 


What would happen, over time, if two species occupied the exact same niche? 
a. One would outcompete the other 

b. One would kill the other 

c. One would become dependent on the other 

d. One would mate with the other 

Answer: a 


Imagine that the large mammalian predators have been eliminated in an area. What would be the impact to the 
ecosystem over time: Choose the best answer. 

a. Prey species would increase exponentially 

b. The balance of the ecosystem would be restored 

c. ‘The balance of the ecosystem would be upset 

d. Other species would not be impacted 

Answer: c 


Which combination of characteristics bests describes a species most likely to go extinct? 
a. Small population with a small home range 

b. Large population with a large home range 

c. Small population with a large home range 

d. Large population with a small home range 

Answer: a 


Which of the following is the major factor causing extinction of a species? 
a. Hunting 

b. Habitat destruction or fragmentation 

c. Being hit by a car 

d. Competition of a non-native species 

Answer: b 
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13. Why are there usually fewer than five levels in an energy pyramid? 
a. Almost 90% of the energy in the first level is transferred to primary consumers. 
b. Six levels would be too many 
c. Energy is lost as it is transferred to each trophic level, making less energy available at each higher trophic level 
d. ‘There are too many top level predators 
Answer: c 


14. Suppose muskrats living in a marsh are overharvested. How would the flow of energy be altered? Choose the 
best answer. 
a. Less dominant wetland plants would not survive. 
b. ‘The marsh would have greater diversity of herbivores. 
c. Cattails would dominate the marsh. 
d. Bothaandc 
Answer: d 


For question 15 - 18 match the description with the appropriate abiotic cycle. Answers may be used once, more than 
once, or not at all. 

a. The Water Cycle 

b. ‘The Nitrogen Cycle 

c. The Carbon Cycle 

d. The Phosphorus Cycle 


15. Needed for plants to make amino acids and DNA. 
Answer: b 


16. Transpiration is a process in plants that is part of this cycle. 
Answer: a 


17. Precipitation + Runoff — Percolation are all processes in this cycle. 
Answer: a 


18. A large amount of this element is stored as fossil fuels. 
Answer: c 


19. Which community is more stable? 
a. One with a large biodiversity 
b. One with a small biodiversity 
c. One with a large variety of plant species 
d. One with a mall 
Answer: a 


20. A tornado cuts a path through the Mark Twain National Forest. The trees in the forest were leveled, creating large 
swaths of open areas. Which answer best describes the succession stages that would follow this occurrence? 
a. Small trees followed by perennial plants and woody vegetation followed. by larger trees followed by a forest. 
b. Annual plants followed by perennial plants and woody vegetation followed by small trees followed by forest. 
c. Small trees followed by larger trees, followed by a forest. 
d. People move in and subdivide the area into housing tracts. 
Answer: b 
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Materials List 


Air thermometers 

Biltmore sticks 

Calculators 

Collection jars or other containers for live invertebrates 

Colored markers 

Flagging tape 

Forceps 

Golf tees—100 white, 100 green, 75 blue, 75 red, 25 tan 

Hula hoops/yardsticks/rope 

Insect field guide 

Insect nets 

Magnifiers 

Metric rulers/metric measuring tapes 

Nail polish 

“Odyssey” essay from Sand County Almanac, by Aldo Leopold 

Orange cones or tent stakes 

Poster board 

Rolls of adding machine paper or toilet paper 

Rope 

Safety goggles and gloves 

Scissors 

Soil or water test kits or probes for nitrogen and or phosphorus 
(These may be available by loan from a county soil and water conservation agency.) 

Soil thermometers 

Tokens—20 each of three colors 

Tree field guide 

Weather data collection equipment 
(anemometers, sling psychrometers, light meters, Kestrel, etc.) 

Yarn 
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Lesson 1: What is Ecology? 


Estimated time 


(4) 50-minute class periods 


Science CLEs 


EC.1.A. All populations living together within a community interact with one another and with their environment in 
order to survive and maintain a balanced ecosystem 


EC.1.B.a. Identify and explain the limiting factors (biotic and abiotic) that may affect the carrying capacity of a population 
within an ecosystem 


IN.1.A.a. Formulate testable questions and hypotheses 


IN.1.B.a. Make qualitative and quantitative observations using the appropriate senses, tools and equipment to gather 


data (¢.g., microscopes, thermometers, analog and digital meters, computers, spring-scales, balances, metric 
rulers, gractratec-cytinders} 


IN.1.C.a. | Use quantitative and qualitative data as support for reasonable explanations (conclusions) 


ST.3.A. People, alone or in groups, are always making discoveries about nature and inventing new ways to solve problems 
and get work done 


Vocabulary 

Biotic Population size 
Abiotic Community 

Atoms Ecosystem 
Molecules Biosphere 
Organelles Hypothesis 

Cells Independent variable 
Tissues Dependent variable 
Organs Experimental group 
Organism Control group 
Population Natural resource manager 
Objectives 

1. Define ecology. 


2. Describe the scope of ecology. 
3. Illustrate and explain how organism, population, community, ecosystem and biosphere are connected. 


4, Explain how ecologists conduct research and give examples of questions ecologists might ask at each level of focus 
from organism to biosphere. 


5. Explain why ecology is important. 
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Resource Management Objectives 


1. Explain the relationship between resource management and ecology. 


2. Define conservation and its importance to society. 


Essential Questions 


1. What is ecology and why is it important? 


2. How do ecologists organize nature? 


Teacher Notes 
Students should read Nature Unbound Chapter 1 before beginning Lesson 1 activities. 

The area around the school (hereafter referred to as the schoolyard ecosystem) will suffice for activities developed to 
be taught outdoors. Page 2 of this teacher guide provides brief tips and information on preparing for outdoor activities. 
Science notebooking is an important component of this unit. Page 4 of this guide provides information on the purpose 
and process of using science notebooks. It is suggested that you review with your students how to keep a science 
notebook before starting the Nature Unbound unit. 

As part of their science notebooks, students will be required to record basic abiotic factors such as weather 
conditions, temperature, light intensity, humidity, etc. depending on the equipment available. This should be done 
with every activity. Recording temperature with each activity will allow students to collect data over time and correlate 
organisms observed to weather conditions. As students collect this data, they can create charts or graphs to organize 
it. Students should also be encouraged to correlate abiotic data with biotic data. Have students summarize their 
correlations (ex. How does weather affect the number of animal species observed? How does weather affect animal 
behavior? How does weather affect plant growth?) 

Weather data can be obtained on the Internet at a weather data site and/or taken in the field. 


Outline of Answers to Objectives 
See following page. 


Essential Activities 

Essential Activity 1.1—Schoolyard Ecosystem—Biotic and Abiotic Factors 

Essential Activity 1.2—Ecology—The Big Picture: Examine the Parts to Make a Whole 
Essential Activity 1.3—Establishing Study Sites and Collecting Data 


End of Chapter Assessment 


Lesson 1 Questions and Answer Key 


Summary 

¢ Ecology is the study of how nature works. 

¢  Ecologists study things as small as individual organisms or as large as the biosphere. 
¢ Ecologists make observations, ask questions and collect data. 

¢ Understanding ecology is important for many reasons. 
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Outline of Answers to Objectives 
1. Define ecology. (Nature Unbound p. 4) 


a. 


Ecology is the study of how nature works. 
i. Two basic components: 
1. The biotic (living) part of nature is composed of plants, animals, fungi, protists and bacteria— 
anything that is alive. 
2. ‘The abiotic (nonliving) part is composed of the physical and chemical components of the environment, 
including water, sunlight, temperature, oxygen and soil chemistry. 
ii. Any living thing is affected by and responds to both biotic and abiotic parts of its environment. Likewise, abiotic 
parts of the environment are affected by living things. Ecologists seek to understand these relationships. 


2. Describe the scope of ecology. (p. 4) 


a. 


Ecologists study things as small as individual organisms or as large as the biosphere. 


3. Illustrate and explain how organism, population, community, ecosystem and biosphere are connected. (pp. 5-8) 


a. 


b. 


Ecologists studying an organism (a single living thing) try to learn how living things are affected by and 
respond to their environment. 

Ecologists studying a population (a group of the same kind of organisms living together in the same place at the 
same time) try to learn what factors contribute to an increase or decrease in the population’s size. 

Ecologists studying communities (groups of different populations living in the same place at the same time) try 
to figure out how various interactions affect the populations involved. 

Ecologists studying ecosystems (a community along with the abiotic factors of the environment) try to 
understand how energy is transferred from the sun through different organisms that feed upon each other; how 
atoms essential for life cycle through both abiotic and biotic parts of the ecosystem; and how physical processes, 
such as fire or flooding, affect the communities in the ecosystem. 

Ecologists studying the biosphere (the layer of our planet that supports and contains every living thing) try 

to understand how global processes affect different ecosystems. Ecologists study how things in one ecosystem 
affect other ecosystems. 


4, Explain how ecologists conduct research and give examples of questions ecologists might ask at each level of 


focus from organism to biosphere. (p. 9) 

Ecologists make observations, ask questions and collect data. 

i. Observations lead to questions. 

ii. The ecologist then writes a hypothesis to answer the question. A hypothesis contains: 
1. Independent variable (changed or manipulated in some way) 
2. Dependent variable (reacts to changes made to the independent variable) 

iii. To test the hypothesis, the ecologist collects data using observations, experiments, models or a combination 
of the three. 

iv. Then the ecologist analyzes and interprets the data, often using mathematics and statistics to see if it 
supports or disproves the hypothesis. This often leads to more questions. 

v. Examples of questions ecologists might ask: 

Organism: How does water temperature affect bullfrog behavior? 

Population: How many river otters can the Grand River watershed support? 

Community: Do red-winged blackbirds and marsh wrens compete for nesting sites? 

Ecosystem: How fast does nitrogen move through a wetland ecosystem? 

Biosphere: How much carbon do Missouri wetlands remove from Earth’s atmosphere? 


WoO WN 


5. Explain why ecology is important. (p. 13) 


a. 
i 


Cc. 


Ecological systems provide the life support functions all life needs. 

Ecological systems provide us with an infinite number of products. 

If the Earth’s life support systems break down, we need to know how to fix them. Ecology gives us a way to 
learn how these systems work, recognize when they are failing and provide ideas for fixing problems. Our life 
depends on it. That is why understanding ecology is important. 
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Resource Management Objectives 
1. Explain the relationship between resource management and ecology. (p. 10) 
a. Although ecology and resource management are related, they are not the same. 
b. Ecology is a pure science; resource management is an applied science. 
c. Inthe same way that medical doctors apply knowledge learned from anatomy and physiology to maintain 
and restore the health of their patients, resource managers apply principles learned from ecology to protect, 
maintain and restore healthy ecosystems. 


2. Define conservation and its importance to society. (p. 12) 
a. Conservation is a way of using resources that keeps them healthy and intact for use by future generations. 
b. Because we all depend upon the Earth’s ecosystems for food, water, clothing and shelter, it’s important to 
realize that maintaining the harmony between people and land is a responsibility for all of us. Learning about 
ecology is one way you can gain the knowledge to make wise decisions about how you use natural resources. 
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Essential Activity 1.1 


Schoolyard Ecosystem—Biotic and Abiotic Factors 


Estimated time 


(1) 50-minute class period 


Objectives 


Students will be able to: 
1. Identify biotic and abiotic factors. 


2. Explain how ecologists conduct research. 


3. Create a base line study for future investigations. 


Teacher Preparation 
This activity bie as an introduction to going outdoors and using science notebooks, both important elements of this 
unit. Develop a management plan for conducting activities outdoors with students. 

For this activity, a portion of the schoolyard ecosystem (the area within the schoolyard, around or near the school 
and/or an outdoor classroom) should be divided into study areas using available materials. (Hula hoops work well to set 
off small areas; sets of four meter sticks can be arranged in a square; rope or string heavy enough not to be disturbed by 
wind can also be arranged in a circle shape to set off an area.) Students should work in teams to survey assigned study 
areas. Students should record all abiotic and biotic factors they observe and organize the information themselves or use 
the charts provided and store them in their science notebooks at the end of the activity. 

If students are unfamiliar with data collection techniques, practice inside by setting up “study sites” within the 
classroom. Place “organisms” such as everyday items from your classroom or outside within these sites. Practice using 
sampling tools like thermometers to collect and chart data. 


Materials 


Student science notebooks 

Pencils 

Air thermometers 

Copies of 1.1 Biotic/Abiotic Chart (if needed) 

Hula hoops, or meter sticks and rope/heavy string, or flagging tape, etc. 


Procedure 
1. Review the plan for outside activities with students and separate them into groups of three or four before leaving the 
classroom. 


2. Have students prepare their science notebook page by creating the standard headings: 

Title 

Date 

Time 

Location 

Air temperature (recorded outside) 

Weather conditions (recorded outside) such as cloud cover, wind speed and direction, humidity, etc. 


mono 7 P 
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3. Have students create a map of the schoolyard ecosystem, or have students use a map program like Google Earth to 
familiarize themselves with the areas available for study. If space allows, have students set out several study areas 
and assign at least one group per area. 


4, Review definitions of biotic and abiotic factors or use completed student observation charts to assess prior 
knowledge of these terms. 


5. Instruct students to record all abiotic and biotic factors and the number of each within their assigned area. Students 
should estimate numbers that are too abundant to count individually within a study area (ex. clover flowers > 100; 
blades of grass > 1000). 


6. Provide students sufficient time to survey their area and to record their observations. 


7. Instruct students to record two things they were curious about during their observation and write a question for each. 


8. While outside: 
a. Discuss how students might compile their data to lay the groundwork for future investigations. 
b. Review for accuracy and discuss student entries from the 1.1 Biotic/Abiotic Charts (check that students included 
plants and animals as biotic factors): 
1. What factors, if any, were difficult to label as biotic or abiotic? 
How did the weather conditions affect what they saw? 
What biotic and abiotic factors did they expect to find? 
What factors were they surprised to find? 
How might a natural area or conservation area manager use the information collected? 
ei Five students write a short summary of the data collected. 


VR YS 


9. Have students retrieve study area materials. 


10. Back in the classroom: 
a. List student questions on the board. 
b. Have students discuss and define what it means to have a “testable” question. 
c. Discuss which questions could be made into testable questions. 
d. Have students write a hypothesis for one of their questions. 


Wrap up 
1. Have students discuss the following: 
a. How did weather conditions affect what they saw? 
b. Were they surprised to find something in particular? 
c. Were they surprised not to find something they had expected would be there? 


2. Why would someone managing a natural area or conservation area need to know the information collected? 


Assessment 


Check student charts for accuracy and completion. Set a minimum number for each factor, biotic and abiotic. 
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1.1 Biotic/Abiotic Chart 


Directions: Record observations of your study site. Check if the factor is biotic or abiotic and record the number 
observed. Record any notes or questions in the space provided. Summarize your observations at the bottom of this 
chart. 


a li Me 


Summary: 
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Essential Activity 1.2 


Ecology—the Big Picture: Examine the Parts to Make a Whole 


Estimated time 


(1) 50-minute class period 


Objectives 
Students will be able to: 
1. Define ecology. 


2. Explain how organism, population, community, ecosystem and biosphere are connected. 


3. Explain how ecologists conduct research and give examples of questions ecologist might ask at each level of focus 
from organism to biosphere. 


Teacher Preparation 
This activity should help determine what students already know or think they know about ecology and key foundation 
terminology related to ecology. 

Select an area in your schoolyard ecosystem that exhibits plant and animal diversity. The area does not need to 
be large. Even a small area of lawn can reflect the basic components of an ecosystem: one ant is an organism; a group 
of ants is a population; the population of ants interacting with plants and other animals within the area forms a 
community; all the communities interacting with the abiotic factors form an ecosystem. 


Materials 

Student science notebooks 
Pencils/pens 

Air thermometers 


Procedure 


1. Review the plan for outside activities and have students complete science notebook headings. For this activity, 
students should work independently. 


2. Have students organize the following prompts and levels of focus (related to questions an ecologist might ask during 
an area study) in their science notebooks as a table or other graphic organizer. Students may reference pages 5-8 of 
their student book for examples of ecologist’s questions: 

a. Organism—species observed—description—question an ecologist would ask 

b. Population—species observed—description—question an ecologist would ask 

c. Community—species observed—description—question an ecologist would ask 

d. Ecosystem—species observed—description—question an ecologist would ask 


3. It is important that students understand the importance of describing and/or sketching an organism with as much 
detail as possible in order to use the description and/or sketch to identify that organism at a later time. For example, 
are the leaves of a plant alternate or opposite? What do the edges of the leaves look like? Are they smooth or serrate? 


If the plant has a flower, what is the color of the flower? How many petals does it have? 


4, Once outdoors, explain the boundaries for data collection and the time limit. 
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5. Instruct students to move slowly and carefully through the area to find examples of each ecosystem component 
recorded in their science notebooks. Ecosystem components should be named/identified and described and sketched 
in detail. 


6. Have students summarize their findings. 


7. When observation time is over, have students work in small groups to share their findings and discuss why or why 
not shared examples are valid. 


8. Allow students to change and add to their findings. 


9. Have students write a question an ecologist might ask by each ecosystem component. For example, a notebook page 
showing information for “organism” as the level of focus might read: 
a. Organism: purple coneflower 
b. Description: 140 cm in height, large purple showy flower head that is daisy-like (composite), stem and leaves are 
dark green and feel rough 
c. Sketch and label the parts of purple coneflower. 
d. Question an ecologist would ask: How does light intensity affect the growth of this flower? 


10. Discuss the term biosphere and how it relates to Missouri. 
a. Discuss the meaning of the prefix bio and the root sphere. 
b. ‘The biosphere encompasses more than Missouri. 
c. ‘The biosphere is all ecosystems on the Earth where life is found, from the deepest ocean trenches to the 
tallest mountain. 
d. ‘The biosphere includes ecosystems in exotic locations that students may have studied such as those in Africa 
and South America. 


Wrap up 
1. Have students share questions recorded for each level of focus. Write these on the board. Are any testable? For those 
that are not, how can they be made into testable questions? 


2. Have students share descriptions and sketches created for each level of focus. Would they be able to identify the 


organisms from the information recorded? Was the description complete enough? Were the labels accurate? 


Assessment 


Check notebooks and graphic organizer (if created) for completion and accuracy. 


Extensions 


1. If they have not already done so, have students create a graphic organizer to represent organism—population— 
community—ecosystem—biosphere. Students should use the examples observed and recorded in the schoolyard 
ecosystem. 


2. Have students take digital photos of their observations. Include the photos with the data recorded. 
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Essential Activity 1.3 
ecting Data 


Establishing Study Sites and Col 


Estimated time 


(2) 50-minute class periods 


Objectives 
Students will be able to: 
1. Define ecology. 


2. Learn how ecologists make observations, ask questions and collect data. 


Teacher Preparation 
Ecologists divide nature into two basic parts: biotic and abiotic. A key theme of ecology is that all living things are 
affected by and respond to both biotic and abiotic factors within their environment. Likewise, biotic and abiotic factors 
are affected by living things. Ecologists seek to understand these relationships. 

Prior to the activity, locate three areas of similar size with different habitats within or nearby the schoolyard. Some 
examples of potential areas include a sidewalk, playground, mowed lawn, sports field, woods or tall grass/weedy area. 
The three areas should be different from each other, but one of the chosen areas must reflect plant and animal diversity. 


¢ Place four meter sticks together to create a square meter. Place a square meter within each of the three areas (or a 
hula hoop or a circle of rope equivalent in size to a hula hoop). Each square meter represents a different study site. 
You may also run a straight line transect and collect information along the transect by randomly placing the square 
meter and collecting the information inside the square. 

¢ Number each study site. 

¢ Students should work in groups of three to record data gathered at all three areas. 

¢ Either have groups determine how they will record and organize data or provide enough data sheets for students to 
record all data gathered by their group. Data sheets should be kept in science notebooks. 

¢ Determine if students should identify plants and animals in the field or collect them to identify in the classroom. If 
collecting animals, please see page 9 of the Forward to the teacher guide. 


If students capture and release monarch butterflies in the fall, they may want to participate in Project Monarch 
Watch. www.monarchwatch.org 


Materials 


Student science notebooks 
Pencils 
4 meter sticks to form a square meter or 3 hula hoops or 3 circles of rope roughly equivalent in size to a hula hoop 
3 Air thermometers 
3 Ground thermometers 
*3 Sling psychrometers—if available or go online to find the humidity reading 
*3 Soil moisture meters—or use a dry tissue to determine soil moisture 
*3 Beaufort wind scale meters (See end of lesson.) 
Optional: Copies of 1.3 Data Sheets (one of each of these three data sheets per student): 1.3 Abiotic Data; 
1.3 Biotic Data—Plants; 1.3 Biotic Data—Animals; light meters; digital lab probes 
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Procedure 


Have students complete science notebook headings. 


1. 


2. 


Review proper use of data collection equipment, if necessary. 


Once outside at the study site, instruct students: 


a. 


To work in groups of three: each group should collect the following for each of the 3 study sites: 

i. Abiotic data 

ii. Biotic data pertaining to plants 

iii. Biotic data pertaining to animals and/or evidence of animals at each site 

Unless copies of data sheets provided in this teacher guide are being used, groups should decide how they 
want to capture and organize data. Although students are working in groups to record data, each student is 
responsible for having a complete set of data sheets. 

Duties should switch with each area studied, and students should assist each other with collection of all data. 
Note: If time does not allow for all the groups to collect data at all three sites, assign groups to one or two sites. 
Have groups share data with other groups so that each group has data for all three sites. 


At the conclusion of data recording, students should: 


a: 
b. 


Cc. 


Create a table/graph for the abiotic data comparing the three sites. 
Create a table/graph for the biotic data related to plants comparing the three sites. 
Create a table/graph for the biotic data related to animals comparing the three sites. 


Analyze the data and write a summary. 


The following questions can be used as prompts: 


a. 


b. 


At which site was the temperature highest? Why would the temperature be highest there? 

At which site was the greatest diversity of plants observed? Why do you think this site had so much 

plant diversity? 

At which site was the greatest diversity of animals observed? Why would this site have so much 

animal diversity? 

Which biotic factor showed the greatest difference between all three sites? Why would this site reflect such a 
difference from the other two sites? 

List one question you wondered about during data collection. 


Have groups share and compare data. 


ae 


Db 


Which site has the most diversity? 
What factor(s) make that site most diverse? 


Wrap up 


Compile a list of questions that can be created from the data collected. 


1. 


2. Determine which questions are testable. 


3. For those questions that are not testable, change them into testable questions. 
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Assessment 


Data collection sheets can be used for assessment. See Appendix 1: Scoring Guide for Data Sheets, page 213. A minimum 
number of plants and animals can be set. 


Extensions 
1. Collect data from the same sites seasonally. What are the changes? 
2. Keep information from year to year. What are the changes? 
3. Measure the height of plants within the study sites. Graph the results. Compare the three areas. 
4. Have students: 
a. Create maps by observing the area. 


b. Create maps using Google Earth or other computer programs. 
c. Use GPS units to mark where animals were collected. 
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1.3 Abiotic Data Sheet 


Directions: Complete the data sheet for your study site. Fill in site # or name and complete the site description. Use the 
appropriate thermometer for air and soil temperatures. Use a sling psychrometer for a humidity reading or visit a weather 
data website. If available, use a moisture meter for soil moisture or determine whether it is dry, damp or wet by using your 
finger or a tissue. Press your finger or the tissue against the bare soil. If the soil is wet, record wet; if damp, record damp; 
if dry, record dry. For light/shade reading, use a light meter if available, or place a piece of notebook paper on the plot and 
estimate how much of the paper is covered by shadow. For wind speed see the Beaufort Wind Speed Chart. 


Team members: 


Date: Time: 


Weather Conditions: 


Site AirTemp | Soil Temp % Soil % Light/ 
Description °C “C Humidity | Moisture Shade 
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1.3 Biotic Data—Plants 

Directions: Record the site number and percent of ground covered by herbaceous vegetation. Complete the data 

chart below. Record al// visible plants within the study site (square meter). Use field guides to identify the plants. Draw, 
describe and label any plants you are unable to identify with a species number (ex. Species 1, Species 2). More than one 
of these sheets may be needed. 


Site Number 


Percent of ground covered by herbaceous vegetation within the square meter (ex. < 25%, 50%, 75%) 


Plant Common Scientific Estimated 
Description Name Name # 
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1.3 Biotic Data—Animals 

Directions: Complete the chart below. Record and describe all evidence of animals visible within the square meter. 
Remember that insects are animals.) Use field guides to determine animal species. Draw, describe and label any animals 
you are unable to identify with a species number (ex. Species 1, Species 2). More than one of these sheets may be needed. 


Site Number 


Animal Description/ Common Scientific Estimated 
Animal Sign Name Name # 
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Beaufort Wind Scale 


Ti ae fe 
(Knots) Classification On Land 


a ae 
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Lesson 1 


End of Chapter Assessment 


1. What is ecology and why is it important? 


2. List and describe the different levels in ecology. 


3. Give at least two examples of a testable question that an ecologist might ask. Where do your questions fit within the 
study of ecology? 


4, Name two tools and the abiotic factors they measure in an ecosystem. 


5. What types of qualitative or quantitative data would support the conclusion that timber harvest impacts forest 
nesting birds? 


6. ‘To begin research, ecologists will first develop a question they want to investigate. How do they continue their 
research after they have developed their question? What do they need to do next to finish their research? 
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10. 


Which of the following examples describes the relationship between organisms, populations, communities, 

ecosystems and the biosphere? 

a. Similar organisms form populations, different populations become communities, communities with abiotic 
factors become an ecosystem and many ecosystems make up the biosphere. 

b. Similar populations form organisms, different organisms become a community, communities with abiotic 
factors become an ecosystem and many ecosystems make up the biosphere. 

c. ‘The biosphere is made of many communities, many communities with abiotic factors become an ecosystem, 
ecosystems become populations, different populations become an organism. 

d. None of the above 


What is resource management’s relationship to ecology? 

a. Resource management is the practical application of ecological concepts. 
b. Resource management is a part of ecology, while ecology is a broader idea. 
c. Both resource managers and ecologists study how nature works. 
d 


All of the above 


Which statement describes conservation’s role in society? 

a. Conservation practices manage resources for the next generations to have and also use. 
b. Conservation educates the public about ways that they can help Missouri animals. 

c. Conservation educates landowners about the best way to manage ponds. 

d. Conservation practices allow for ecologists to study nature. 


Compare and contrast Leopold’s and Pinchot’s idea of conservation in the U.S. What is your definition 
of conservation? 


11. How do people in Missouri benefit from conservation efforts? 
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Lesson 1 


End of Chapter Assessment Scoring Guide 


1. What is ecology and why is it important? 
Answer: Ecology is the study of how nature works and includes both abiotic and biotic factors. Ecology is 
important because it provides our food, clean air, clean water and other natural resources that we need to survive. 
(2 points) 


2. List and describe the different levels in ecology. 
Answer: Organism: a single living thing; population: a group of the same organisms; community: a group of 
populations; ecosystem: a community along with abiotic factors; biosphere: all ecosystems on earth. (5 points) 


3. Give at least two examples of a testable question that an ecologist might ask. Where do your questions fit within the 
study of ecology? 
Answer: Sample questions from the text include: How does water temperature affect bullfrog behavior? How many 
river otters can the Grand River support? How are mink populations affected by muskrat populations? How does 
flooding affect wetland communities? What role do Missouri wetlands play in shorebird migration? 
Students may not use the sample questions from the text for organisms, populations, communities, ecosystems 
and the biosphere, but they may model their questions after them. Answers will vary. (4 points) 


4, Name two tools and the abiotic factors they measure in an ecosystem. 
Answer: Air thermometer measures air temperature; soil thermometer measures soil temperature; sling 
psychrometer measures humidity; soil moisture meter measures soil moisture; wind meter measures wind speed. 
(2 points) 


5. What types of qualitative or quantitative data would support the conclusion that timber harvest impacts forest 
nesting birds? 
Answer: Population size and nesting success data for each species would show the impacts of timber harvest. Also 
change of species use of an area (for foraging or other behaviors) could be observed and support conclusions about 
the impact of the harvest. (2 points) 


6. To begin research, ecologists will first develop a question they want to investigate. How do they continue their 
research after they have developed their question? What do they need to do next to finish their research? 
Answer: Research (or an experiment) by ecologists after developing their question includes the basic parts of an 
experiment such as making a hypothesis, determining independent and dependent variables, setting up a control 
group and doing the experiment or research with multiple trials. Ecologists may study something very broadly 
(toward the biosphere level) or more narrowly (at the organism level). They also may use a model to serve as an 
example in a case in which the study area is too broad or if they are studying the effects of something that might 
harm plants or animals they are studying. (2 points) 


7. Which of the following examples describes the relationship between organisms, populations, communities, 

ecosystems and the biosphere? 

a. Similar organisms form populations, different populations become communities, communities with abiotic 
factors become an ecosystem, and many ecosystems make up the biosphere. 

b. Similar populations form organisms, different organisms become a community, communities with abiotic 
factors become an ecosystem and many ecosystems make up the biosphere. 

c. ‘The biosphere is made of many communities, many communities with abiotic factors become an ecosystem, 
ecosystems become populations, different populations become an organism. 

d. None of the above 

Answer: a (1 point) 
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8. 


10. 


11. 
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What is resource management's relationship to ecology? 

a. Resource management is the practical application of ecological concepts. 
b. Resource management is a part of ecology, while ecology is a broader idea. 
c. Both resource managers and ecologists study how nature works. 


d. All of the above 
Answer: d (1 point) 


Which statement describes conservation’s role in society? 

a. Conservation practices manage resources for the next generations to have and use. 
b. Conservation educates the public about ways they can help Missouri animals. 

c. Conservation educates landowners about the best way to manage ponds. 

d. Conservation practices allow for ecologists to study nature. 

Answer: a (1 point) 


Compare and contrast Leopold’s and Pinchot’s idea of conservation in the U.S. What is your definition of conservation? 
Answer: Pinchot and Leopold both included humans in their definitions. Pinchot referred to the use of natural 
resources; whereas, Leopold’s definition did not use the word “use” but advocated for balance between humans and 
the land. Student definitions will vary but could include that conservation is the wise use of natural resources—it 
keeps them healthy and intact. (3 points) 


How do people in Missouri benefit from conservation efforts? 

Answer: Conservation is important for Missouri citizens (and U.S. and world citizens) because it ensures that we 
will have natural resources available for us and for future generations. It ensures that we will have trees/forests for 
products we use, animals for enjoyment and for hunting, etc. (2 points) 
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Lesson 2: Reproduction and Adaptation 


Estimated time 


(4) 50-minute class periods 


Science CLEs 


LO.3.A.a 


LO.3.D.a. 


LO.3.D.c. 


Distinguish between asexual (i.e., binary fission, budding, etontmg) and sexual reproduction 
Describe the advantages and disadvantages of asexual and sexual reproduction with regard to variation 


Recognize that new heritable characteristics can only result from new combinations of existing genes or 
from mutations of genes in an organism’s sex cells 


EC.1.C.b Predict and explain how natural or human caused changes (biological, chemical and/or physical in one 
ecosystem may affect other ecosystems due to natural mechanisms (e.g., global wind patterns, water cycle, 
ocean currents) 

EC.3.B.b Explain the importance of reproduction to the survival of a species (i.e., the failure of a species to reproduce 
will lead to extinction of that species) 

EC.3.C.a. Identify examples of adaptations that may have resulted from variations favored by natural selection 
(eg tong-necked girattes;tong-eared jack rabbits) and describe how that variation may have provided 
populations an advantage for survival 

EC3.C.b. Explain how genetic homogeneity may cause a population to be more susceptible to extinction (e.g., 
succumbing to a disease for which there is no natural resistance) 

EC3.C.c. Explain how environmental factors (e.g., habitat loss, climate change, pollution, introduction of non-native 
species) can be agents of natural selection 

EC.3.C.d. Given a scenario describing an environmental change, hypothesize why a given species was unable to 
survive 

IN.1.A.a. Formulate testable questions and hypotheses 

IN.1.B.a. Make qualitative and quantitative observations using the appropriate senses, tools and equipment to gather 
data (¢.g., microscopes, thermometers, analog and digital meters, computers, spring-seates, balances, metric 
rulers, grachratec-cytinders} 

Vocabulary 

Adaptations Self-incompatible 

Reproduction Genetic homogeneity 

Bag limits Mutation 

Asexual reproduction Recombination 

Sexual reproduction Differential reproduction 

Binary fission Genetic bottleneck 

Budding Inbreeding 

Parthenogenesis Translocation 

Vegetative reproduction Natural selection 

Genes 
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Objectives 
I, 


Explain the importance of reproduction to the survival of a species. 
2. Distinguish between asexual and sexual reproduction and identify species that reproduce asexually, sexually or both. 
3. Compare and contrast how traits are passed from parents to offspring in asexually and sexually reproducing organisms. 
4, Explain the advantages and disadvantages of asexual and sexual reproduction with regard to variation within a population. 
5. Explain how genetic homogeneity may cause a population to be more susceptible to extinction. 
6. Explain what causes variation among individuals in a population. 
7. Explain the significance of a population's ability to produce more offspring than the environment can support. 
8. Explain how environmental factors and variation lead to differential reproduction. 
9. Explain how variation affords some individuals a better chance for survival. 
10. Describe natural selection. 
11. Identify examples of adaptations that may have resulted from variations favored by natural selection. 
Resource Management Objectives 
1. Explain how bobwhite reproduction affects the management of this game bird. 
2. Explain why sexual reproduction is important in the management and restoration of Mead’s milkweed. 


3. Describe how resource managers are using translocation to increase genetic variation in Missouri’s greater prairie- 
chicken populations. 


Essential Questions 


1) How is reproduction essential to the continuation of every species? 


2) Why is being different essential for survival? 


Teacher Notes 


Students should read Nature Unbound Chapter 2 before beginning Lesson 2 activities. 

The schoolyard ecosystem will be used for Essential Activities 2.1 and 2.2. Before beginning Essential Activity 2.1, 
have students write prompts in their science notebooks based on Chapter 2 of Nature Unbound. The data table provided 
for Essential Activity 2.1 may be used as is or modified by students. 


Outline of Answers to Objectives 
See page 72. 
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Essential Activities 


Essential Activity 2.1—Search for Reproduction 

Essential Activity 2.2—Grasshoppers 

Essential Activity 2.3—-Reproduction, Management and Restoration 
Optional Activity 2A—Reproduction 

Optional Activity 2B—Adaptations 


End of Chapter Assessment 


Lesson 2 Questions and Answer Key 


Summar 

° Fora an to continue to exist it must reproduce. 

¢ Organisms reproduce either sexually or asexually. 

¢ Traits are passed from parents to offspring during reproduction. 

¢ Each type of reproduction has advantages and disadvantages. 

e Environmental and genetic factors cause variation among individuals in a population. 

¢ Populations produce more offspring than the environment can support. 

¢ Some individuals in a population have a better chance of surviving and reproducing than others in the 
same population. 

¢ Natural selection causes populations to adapt to their environment over time. 

e Adaptations help an organism survive in a particular environment. 
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Outline of Answers to Objectives 


1. Explain the importance of reproduction to the survival of a species. (p. 16) 


a. 


Reproduction is not essential to the survival of individual organisms. 


b. Reproduction is essential, however, to the survival of each population and the species as a whole. 


Cc. 


If individual organisms did not reproduce, the population—and the species—would eventually dwindle to 
nothing. Reproduction is essential for populations and species to continue to exist. 


2. Distinguish between asexual and sexual reproduction and identify species that reproduce asexually, sexually 


or both. (p. 17) 


a. 


Asexual reproduction—it takes only one parent to produce a new organism. 
i. Binary fission 
1. During binary fission a single cell divides into two separate cells, each a separate organism. 
2. Many unicellular organisms, such as bacteria and protists 
ii. Budding 
1. Budding occurs when a mass of cells—the bud—begins growing on the parent’s body. When the bud 
has grown large enough, it breaks off of the parent, forming a new organism. 
2. Hydras, for example 
iii. Parthenogenesis 
1. Parthenogenesis or “virgin birth” occurs when eggs from a female develop into offspring without being 
fertilized by a male. 
2. Some insects, fish, amphibians and reptiles 
iv. Vegetative reproduction 
1. This occurs when some part of the plant, such as its leaves, roots or stem, breaks off and begins growing 
into a separate organism. 
2. Many plants including prickly pear 
Sexual reproduction—requires two organisms to produce a new organism: eggs from the female and sperm 
from the male 
i. Most plants and fungi (Some plants including prickly pear can also reproduce asexually.) 
ii. Most fish, amphibians and reptiles 
iii. Birds and mammals 


3. Compare and contrast how traits are passed from parents to offspring in asexually and sexually reproducing 
organisms. (p. 18) 


a. 


Before either type of reproduction occurs, parent organisms make a copy of their DNA. 

i. DNA is the blueprint used to build a new organism. 

ii. Within this blueprint are sections of DNA called genes that give instructions to create specific traits. Every 
organism has many genes for many different traits. 

In asexual reproduction a single parent passes on an exact copy of its genes to its offspring. 

In sexual reproduction, offspring have two versions of every gene: one from the mother and one from the father. 

How the two versions of each gene interact with each other determines the offspring’s traits. Only traits with a 

genetic basis can be passed from parents to offspring. This is true of all organisms. 


4, Explain the advantages and disadvantages of asexual and sexual reproduction with regard to variation 
within a population. (p. 19) 


a. 
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Asexual 
i. Advantages 
1. Requires less energy 
2. Can produce offspring at a fast rate 
3. Offspring can colonize new habitats quickly 
4, Offspring can take advantage of temporary resources 
ii. Disadvantages 
1. Offspring are identical to their parents 
2. Many offspring die when environmental conditions change 
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b. Sexual 
i. Advantages 
1. Offspring are genetically different than their parents. 
2. Genetic variation helps some offspring survive when environmental conditions change. 
ii. Disadvantages 
1. Must have males. 
2. Eggs and sperm must meet. 
3. Forming reproductive organs uses energy. 
4, Courtship uses energy and exposes organisms to injury and predation. 


5. Explain how genetic homogeneity may cause a population to be more susceptible to extinction. (p. 21) 
a. With genetic homogeneity all the members of the population have similar genes and traits (similar genetic 
blueprints). The population would be less likely to survive a disease outbreak or a change to its habitat. In other 
words, genetic homogeneity can be a cause for extinction. 


6. Explain what causes variation among individuals in a population. (p. 21) 
a. Some variation is caused by environmental factors. 
1. Food is more or less abundant. 
a. With more to eat, some collared lizards might be able to grow longer than collared lizards that live 
where food is scarce. 
2. Sunlight and water are more or less abundant. 
a. Some of the prickly pears on a glade may be bigger because they live in a sunnier or wetter location 
than other prickly pears. 
b. Some variation is caused by genetic factors. The genetic blueprint is different for every organism. Each 
individual’s DNA is unique. 
i. Mutation 
1. A mutation occurs when a mistake is made during the copying of DNA, resulting in a genetic blueprint 
different from the original. 
a. Sometimes mutations cause the new cell to die. 
b. Sometimes mutations have no affect on the new cell. 
c. Sometimes mutations cause the new cell to have traits different from its parent(s). 
2. A mutation can occur in asexually and sexually reproducing populations. 
a. For asexually reproducing populations, mutations are the principal cause of genetic variation for 
the population. 
b. For sexually reproducing populations, mutations must occur during the formation of sex cells for 
the mutation to cause variation. 
ii. Recombination 
1. It only occurs in sexually reproducing populations. 
2. Recombination occurs during the formation of eggs and sperm when homologous chromosomes trade 
genetic information with each other. The eggs or sperm have a genetic blueprint different from the parent. 
3. Genes are mixed and shuffled a second time when a sperm fertilizes an egg to form a new organism. 


7. Explain the significance of a population’s ability to produce more offspring than the environment can 
support. (p. 22) 
a. Populations produce more offspring than the environment can support. 
i. Environmental factors, such as food shortages and predators, keep populations in check. 
ii. Individuals with traits that help them compete for resources, avoid predators and survive harsh conditions 
are more likely to live long enough to reproduce. 


NATURE UNBOUND: THE IMPACT OF ECOLOGY ON MISSOURI AND THE WORLD 73 


8. Explain how environmental factors and variation lead to differential reproduction. (p. 22) 


a. 


Differential reproduction occurs in most populations. 

i. When some individuals survive and reproduce at a higher rate than others in the same population, 
differential reproduction is occuring. 

ii. Other times individuals reproduce at a higher rate because they are able to attract more mates. 

iii. Sometimes individuals reproduce at a higher rate because, like the lichen-colored grasshopper, they are 
better able to survive in their environment. 


9. Explain how variation affords some individuals a better chance for survival and reproduction. (p. 22) 


a. 


b. 


Some individuals in a population have a better chance of surviving and reproducing than others in the 

same population. 

i. Variation may give some individuals a better chance of surviving and reproducing. (Ex. Lichen-colored 
grasshoppers, because of their camouflage that helps them avoid predators, survive better than pink-colored 
grasshoppers in the same environment.) 

ii. Other individuals reproduce at a higher rate because they are able to attract more mates. (Ex. Male prairie- 
chickens fight each other and do courtship dances for mates.) 

When some individuals survive and reproduce at a higher rate than others in the same population, differential 

reproduction is occurring. 


10. Describe natural selection. (p. 24) 


a. 


b. 


Natural selection is the process by which organisms become adapted to their environment over time. 
Variation + Differential Reproduction + Heredity = Natural Selection. 
i. When some individuals in a population have different traits, variation exists. 
ii. Ifthe trait has a genetic basis, it can be passed from parent to offspring, which is called heredity. 
iii. When individuals possessing the trait survive and reproduce at a higher rate than other individuals in the 
population, differential reproduction is occurring. 
1. And, if all three of these things happen, natural selection will occur. 


10. Identify examples of adaptations that may have resulted from variations favored by natural selection. (p. 25) 
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a. 


b. 


Over time, natural selection produces adaptations. Every organism has adaptations. 

For a trait to be an adaptation, it must help an organism survive in a particular environment, and it must be 
passed from parent to offspring (genetically based). 

Adaptations may be anatomical structures, behaviors or physiological processes. 
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Resource Management Objectives 
1. Explain how bobwhite reproduction affects the management of this game bird. (p. 16) 
a. A bobwhite’s ability to breed its way back from oblivion has important implications for resource managers. 
b. Quail are a game bird, harvested by hunters for food and sport. 
c. Managing this game bird 
i. Managers regulate bag limits (the number of quail that can be harvested by a single hunter daily), what 
time of year hunting season occurs and how long hunting season lasts. 
ii. In setting these regulations, managers take into account how many birds may be shot by hunters and how 
many may die of natural causes. 
iii. As long as hunters leave enough quail to reproduce, the population can recover the following breeding season. 


2. Explain why sexual reproduction is important in the management and restoration of Mead’s milkweed. (p. 20) 

a. ‘The loss of genetic diversity worries resource managers. With few seeds to colonize new prairies, Mead’s 
milkweed populations have little chance of expanding beyond their current locations. With less genetic 
diversity, adaptation has a harder time keeping up with drastic environmental changes, and small, isolated 
Mead’s milkweed populations are prone to being wiped out. 

b. To prevent the loss of genetic diversity, resource managers are trying several approaches: 
i. Encouraging landowners with Mead’s milkweed to delay grazing and haying until mid-September, after 

Mead’s milkweed has dispersed its seeds. 

ii. Asking landowners to avoid spraying pesticides, which kill bees, a primary pollinator of Mead’s milkweed. 
iii. Reducing herbicide use in areas where Mead’s milkweed occurs. 
iv. Using prescribed fire to stimulate the growth of Mead’s milkweed. 


3. Describe how resource managers are using translocation to increase genetic variation in Missouri’s greater 

prairie-chicken populations. (p. 23) 

a. Translocation involves taking prairie-chickens from thriving populations and releasing them into 
struggling populations. 

b. During a 5-year period, managers plan to relocate up to 500 prairie-chickens from Kansas to a healthy prairie 
in southwest Missouri. 

c. Researchers hope this will establish a viable flock and allow biologists to study how well the translocated birds 
survive and which habitats they use. With success, this could help stop the downward spiral of prairie-chicken 
populations elsewhere in Missouri. 


NATURE UNBOUND: THE IMPACT OF ECOLOGY ON MISSOURI AND THE WORLD 75 


Essential Activity 2.1 


Search for Reproduction 


Estimated time 


(1) 50-minute class period 


Objectives 
Students will be able to: 
1. Distinguish between asexual and sexual reproduction and identify species that reproduce asexually, sexually or both. 


2. Compare and contrast how traits are passed from parents to offspring in asexually and sexually reproducing organisms. 
3. Explain the advantages and disadvantages of asexual and sexual reproduction with regard to variation within a population. 


4, Explain how genetic homogeneity may cause a population to be more susceptible to extinction. 


Teacher Preparation 
A large area of the schoolyard ecosystem should be used for this activity. Students will identify organisms within 
the area and classify them by their method of reproduction. Encourage students to create prompts in their science 
notebooks as well as record data on the table provided. Students may modify the table if they prefer to organize 
data differently. 

Examples of what students might find outside: 

Asexual reproduction examples—Vegetative reproduction: runners from crabgrass, buffalo grass, strawberries, 
trees re-sprouting from a stump, new willow trees growing from a planted willow stick (also forsythia and other 
garden plants). Bulbs/tubers: tulips, day lilies. Parthenogenesis: aphids. 

Sexual reproduction examples—flowering plants, mammals, most reptiles, most amphibians, birds, most 
insects, etc. 


Materials 


Student science notebooks 

Pencils 

Air thermometer 

Nature Unbound student book p. 19 
Copies of 2.1 Reproduction Data Table 


Procedure 
1. Have students complete their science notebook headings. 
2. Hand out copies of 2.1 Reproduction Data Table. 


3. Review pages 16-19 of the student book for examples of reproductive types. Students could place notes on the 
data sheets. 


4, Once outside at the predetermined area, explain boundaries and time limits. 


76 NATURE UNBOUND: THE IMPACT OF ECOLOGY ON MISSOURI AND THE WORLD 


5. Instruct students to: 
a. Search for at least one organism that reproduces asexually, one that reproduces sexually and one that reproduces 
both asexually and sexually. 
b. Describe what they observe that indicates an organism’s method of reproduction. (Ex: The flowers of a plant 
indicate sexual reproduction.) Students may list what they see and return to the classroom to research the answer. 
c. Record one advantage and one disadvantage that each type of reproduction gives each organism observed. 
(Students may list what they see and return to the classroom to research the answer.) 
d. Keep a list of questions about their observations. 
6. At the conclusion of the investigation and data recording, hold the wrap up discussion outside. 
Wrap up 
1. In what species would you expect to see the most genetic diversity? Why? 
2. In what species would you expect to see the least genetic diversity? Why? 
3. What is genetic homogeneity? How might it affect a population? 
4, List student questions. 


5. Discuss which of these questions could be made into testable questions. 


6. Create a hypothesis with one of the questions. 


Assessment 
1. Refer to Appendix 2: Checklist for Notebooks on page 214 of the teacher guide. 
2. Creation of data table and level of completion. 


Extensions 


1. Have students search for specific examples of asexual reproduction (such as parthenogenesis or 
vegetative reproduction). 


NATURE UNBOUND: THE IMPACT OF ECOLOGY ON MISSOURI AND THE WORLD 77 


2.1 Reproduction Data Table 


Directions: Find 10 organisms and complete the data table. Organisms may be researched at a later time. 


Type of Indicator (Proof) of Advantage Disadvantage 
Reproduction Reproduction Method 
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Essential Activity 2.2 


Grasshoppers 


Estimated time 


(1) 50-minute class period 


Objectives 
Students will be able to: 
1. Explain how environmental factors and variation lead to differential reproduction. 


2. Explain how variation affords some individuals a better chance for survival. 


Teacher Preparation 

Select an area of the schoolyard ecosystem relative in size to the size of the class. This is the study site. Survey the study 
site in advance: 

1. Determine the predominant color of the study site. 


2. Obtain golf tees of a color similar to that of the area as well as golf tees of a contrasting color to the area. 


3. Count out equal numbers of both colors and spread them randomly over the study site. How far you spread them 
out depends on how many students you have. 


4. Scatter enough golf tees or toothpicks to keep students occupied for at least 10 seconds picking them all up. 


Materials 

Student science notebooks 

Pencils 

Air thermometer 

Golf tees similar in color to study site 
Golf tees contrasting color to study site 
Insect collecting nets 

Forceps 

Collection jars 

Magnifiers 


Procedure 
Part 1 
1. Have students complete their science notebook headings. 


2. Take students to the predetermined location where the colored golf tees have been distributed and show them an 
example of each color. 


3. Explain that “grasshoppers” in the form of colored golf tees inhabit a specific area of the schoolyard ecosystem. 


4, Indicate boundaries of the study site. 
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5. Have students predict which color of “grasshopper” they expect to capture in greater numbers and record their 
prediction in their science notebooks. 
6. Have students spread out an equal distance from the study site. 
7. Explain that once they are given the signal (“Grasshopper!”), they have 10 seconds to collect and bring back as 
many “grasshoppers” as possible. 
8. Give the signal (“Grasshopper!”) and count 10 seconds. 
9. At the end of 10 seconds, instruct students to stop and return. 
10. Have each student count his/her “grasshoppers” and record the number and colors. 
11. Have the class add the numbers of each student’s sample to create a total population sample for the study site. 
12. Have students record the number of each color collected. 
13. Have students retrieve the “grasshoppers” that were not collected. Count and record the number of uncollected 
“grasshoppers” of each color. 
14. This is the set that can reproduce. Double this set. (For example, if there were 5 green tees in this set you will add 5 
more green tees for a total of 10 and so forth.) 
15. Have students face away from the study site and distribute the tees once again. 
16. Repeat steps 6 through 10. 
17. Have students record their answers in their science notebooks, discuss their findings, and interpret the data. 
a. Were student predictions accurate? Explain why or why not. 
b. Which color “grasshopper” had the better chance to survive and reproduce? 
18. What is natural selection? Explain it using the grasshopper activity. 
19. What would happen if the habitat changed to a different predominant color? 
Part 2 
20. Have students use nets and sampling jars to catch and observe real grasshoppers. Depending on the amount of 
available equipment, students may work alone or in groups; however, each student should have at least one live 
grasshopper to observe. 
21. Have students record the following prompts for grasshopper observations in their science notebooks: 
i. Sketch the grasshopper. 
ii. Make note of its color and measure its length. 
iii. Describe how it interacts/connects to the plants where it was found. 
iv. Describe the adaptations that help the grasshopper survive. 
v. List two questions about your grasshopper investigation. 
22. At the conclusion of observations, have students return grasshoppers to collection sites. 
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Wrap up 


1. List student questions. 
2. Discuss which of these questions could be made into testable questions. 
3. How could an experiment be created from these questions? 


Assessment 
1. Refer to Appendix 2: Checklist for Notebooks on page 214 of the teacher guide. 


Extensions 


1. Have students research the natural history of grasshoppers—species, habitats, reproduction, life cycle, predators, etc. 


2. Have students create an experiment from one of the testable questions. 
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Essential Activity 2.3 


Reproduction, Management and Restoration 


Estimated Time 


(2) 50-minute class periods (or homework) 


Objectives 
Students will be able to: 
1. Explain how genetic homogeneity may cause a population to be more susceptible to extinction. 


2. Explain the significance of a population’s ability to produce more offspring than the environment can support. 
3. Explain how environmental factors and variation lead to differential reproduction. 
4, Identify examples of adaptations that may have resulted from variations favored by natural selection. 


Note: To meet objectives 5, 6, and 7 students must share their work. 
5. Explain how bobwhite reproduction affects the management of this game bird. 


6. Explain why sexual reproduction is important in the management and restoration of Mead’s milkweed. 


7. Describe how resource managers are using translocation to increase genetic variation in Missouri’s greater prairie- 
chicken populations. 


Teacher Preparation 


This activity may be done during class time or used as a homework assignment. This could be a small group activity. 


Materials 
Nature Unbound student book 
Ecology in Action — Giving Bobwhite Reproduction a Boost, pp. 16-17 
Ecology in Action — Mead’s Milkweed, p. 20 
Ecology in Action — Greater Prairie-Chicken Translocation, p. 23 
Internet access 
Missouri Department of Conservation website: www.mdc.mo.gov 
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Procedure 


1. Assign or have students choose one of the Ecology in Action articles from Chapter 2 of Nature Unbound. 
2. Have students research and prepare a report or PowerPoint on their selected species. 


3. Reports should include: 
a. Habitat requirements of the species 

b. Adaptations of the species (including reproductive factors) 

c. Challenges faced by the species 

d. Methods being used by scientists and biologists to meet these challenges and increase the genetic diversity of 
the population 

e. Reasons why students think the species will or will not survive. 


4, Have students present their PowerPoint or report to the class. 


Wrap up 


1. Discuss how reproduction affects species’ survival. 


Assessment 
1. Refer to Appendix 3: Scoring Guide for Oral Presentation on page 215 of the teacher guide. 


Extensions 


1. Have students research other Missouri species and identify their reproductive success or lack of reproductive success. 
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Optional Activity 2A 


Reproduction 


Estimated time 
(2) 50-minute periods 


Objectives 
Students will be able to: 
1. Explain the importance of reproduction to the survival of a species. 


2. Distinguish between asexual and sexual reproduction. 

3. Describe examples of different kinds of asexual reproduction. 

4, Identify species that reproduce asexually, sexually or both. 

5. Compare and contrast how traits are passed from parents to offspring in asexually and sexually reproducing organisms. 


6. Explain the advantages and disadvantages of asexual and sexual reproduction with regard to variation within 
a population. 


7. Explain how bobwhite reproduction affects the management of this game bird. 


8. Explain why sexual reproduction is important in the management and restoration of Mead’s milkweed. 


Teacher Preparation 

In this activity, students review the difference between asexual and sexual reproduction (or organisms that have the 

ability to do both). Review the difference between asexual and sexual reproduction (but focus more on the genetics). 

Remind students that both types are considered to be reproduction that can support the definition of species. 
Students will be asked to come up with examples of organisms that reproduce asexually, organisms that reproduce 

sexually or organisms that use both types of reproduction. Note: Viruses have their own type of reproduction, as 

well as some characteristics that make them questionable as a living thing, and are not a good example here. Student 

understanding of the genetics of reproduction is important. 


Materials 


Student science notebooks 
Pencils 

Nature Unbound student book 
Web resources 
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Procedure 
Part 1 
1. Have students complete their science notebook headings. 


2. In their science notebooks, have students write the definition for species in their own words and provide at least 
one example. 


3. Have students list organisms that fit the definition. Encourage students to list organisms other than plants and 
animals. Accept any/all answers that fit the definition. 


4, Review asexual and sexual reproduction. 


Part 2 

1. In the student book, have students reread Ecology in Action sections “Giving Bobwhite Reproduction a Boost” 
(pp. 16-17) and “Mead’s Milkweed” (p. 20) to see how reproduction information is applied in the resource 
management field. 


2. Questions for discussion: 
¢ What might you do to create more quail habitat? 
¢ How would you work with landowners to make changes to encourage quail habitat areas or to increase the 
number of Mead’s milkweed plants? 


Wrap up 
1. Have students answer the following questions in their science notebook: 
a. What happens if reproduction of a species does not occur? 
b. What is the importance of reproduction to the survival of a species? 
c. What is the advantage of an organism that can reproduce either asexually or sexually? 
d. Would a population of offspring from asexual reproduction or a population of offspring from sexual 
reproduction have more variation (or differences) among offspring? 


2. Have students share and discuss their answers. 
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Assessment 


1, 
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Explain one advantage of asexual reproduction and one advantage of sexual reproduction as each relates to genetic 
variation. Explain one disadvantage of asexual reproduction and one disadvantage of sexual reproduction as each 
relates to genetic variation. 
Answer: (4 points possible, 1 point for each correct advantage or disadvantage provided) 
Asexual 

Advantages 

1. Requires less energy 

2. Can produce offspring at a fast rate 

3. Offspring can colonize new habitats quickly 

4, Offspring can take advantage of temporary resources 

Disadvantages 

1. Offspring are identical to their parents 

2. Many offspring die when environmental conditions change 
Sexual 

Advantages 

1. Offspring are genetically different than their parents 

2. Genetic variation helps some offspring survive when environmental conditions change 

Disadvantages 

1. Must have males 

2. Eggs and sperm must meet 

3. Forming reproductive organs uses energy 

4, Courtship uses energy and exposes organisms to injury and predation 
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Optional Activity 2B 


Adaptations 


Estimated time 
(1) 50-minute period 


Objectives 
Students will be able to: 
1. Identify examples of adaptations that may have resulted from variations favored by natural selection. 


Teacher Preparation 
Students will explore adaptations by creating an animal for a specific environment. Students may work alone or in pairs. 
Animals can be drawn and described on paper, but students are to create a model animal. Have students create their 
animals from recycled materials or natural items from the schoolyard ecosystem. Establish guidelines for natural items 
students may/may not collect (Ex: collect only loose items on the ground; collect only small pieces of certain trees or 
plants; do not collect anything that must be cut or broken off a plant). 

Students may stay within the confines of animal classification (Ex: mammal, reptile, arthropod) but should create a 
totally new animal. 


Materials 


Student science notebooks 

Pencils 

Web access 

Miscellaneous natural, recycled, craft, etc. items for creating animal models 


Procedure 


1. Have students pick a Missouri habitat for their animal. They should research the physical and biological aspects of 
the habitat they have chosen. 


2. Explain that they are going to make a model of an original animal that illustrates specialized features and behaviors 
(adaptations) that would help it survive in the chosen habitat. 


3. Decide what their animal would look like and sketch a picture of the animal in their science notebooks. 
4, Brainstorm what criteria need to be met. Have students describe the animal's behavior, including the way it obtains 
food and water, the kind of dwelling in which it lives, its reproductive process, its defensive behavior, and how it 


moves and gets oxygen, etc. in their science notebooks. 


5. Remind students that they should not just copy a real wild animal but create an original one—the stranger the 
better as long as it has adaptations suited to surviving in their chosen habitat. 


6. Have students create their animal models. 
7. Have students name their animal using proper scientific nomenclature (Genus and species). 


8. Have the students share their animals with the rest of the class. 
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Wrap up 


1. Have students debate which animals would survive. 

2. What, if any, adaptations were common to all created animals? Why? 

Assessment 

1. See the Scoring Guide for Model of Created Animal on next page. 

2. Check science notebook pages for completion and accuracy. 

Extensions 

1. Create a computer model of the animal. 

2. Create a storyboard, illustrated story, or cartoon of the animal that shows how it would survive. 

3. Create or modify a dichotomous key to identify the animal(s). 

4, Have students go on a nature walk to collect natural items to be used in creating the animal. Ask students to 


think about the shape and contour of the animal so they can search for items in nature that can be used to 
replicate the shape. 
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Scoring Guide for Model of Created Animal 


Reasoning 


Environment 


Complete with 
model showing 
5 or more 
adaptations to 


the habitat 


Complete 
explanation of 
all adaptations 


Complete 
physical and 
biological 
description 
of the chosen 
habitat 


Model with 4 
adaptations 


Complete 
explanation 
of some of the 
adaptations 


Partially 
incomplete 
physical and 
biological 
description 
of the chosen 
habitat 


Model with 2-3 
adaptations 


Incomplete 
explanation 
of some of the 
adaptations 


Incomplete 
physical and 
biological 
description 
of the chosen 
habitat 


NATURE UNBOUND: THE IMPACT OF ECOLOGY ON MISSOURI AND THE WORLD 


Incomplete No model 
model showing 
only 1 or no 


adaptations 


Incorrect 
explanation 


No explanation 


Incorrect 
description 


No description 
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Lesson 2 


End of Chapter Assessment 


1. Why is reproduction important to the survival of a species? 


2. Which selection below is an example of asexual reproduction? 
a. Reproduction in which offspring are genetically different than their parents 
b. Vegetative reproduction—for example, the runners produced by buffalo grass which spread and grow new plants 
c. ‘The process of replicating a compact disk 
d. Self-incompatible 


3. Complete the chart below. 


Sracsn____|SealRepedicon _[Aven Reproduction _{Boh _—_ 
ee a 
Bald Eagle 


ee 
Bacteria 
[Prickly pearcactus | 
Rabbit 
[Boletemushroom PP 


4, Compare and contrast asexual and sexual reproduction in regard to how traits are passed from parents to offspring. 


5. Bobwhite quail are efficient at reproduction, and females have the ability to lay many eggs in a breeding season. 
Despite this, they are not always successful as a species. What other considerations have to be made when resource 
managers decide how to set the quail hunting season? 


6. What factors make Mead’s milkweed particularly rare in Missouri? 
a. Mead’s milkweed requires an old growth forest habitat. 
b. Mead’s milkweed reproduces asexually and requires a prairie habitat. 
c. Mead’s milkweed requires a prairie habitat and is self-incompatible. 
d. Mead’s milkweed requires a prairie habitat and mammal pollinators. 
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7. Genetic homogeneity is the situation that occurs when members of a population have very similar genetic 
information. How could this lead to extinction of a species? 


8. Identify and describe two causes of genetic variation in organisms of a population. 


9. How is variation in a population important for survival of the population? 


10. Natural selection can be described by using the following equation: 
Variation + Differential Reproduction + Heredity = Natural Selection 
What does each part mean, and how do the parts of the equation go together to explain natural selection? 


11. Fill in the chart below. 


‘Organism = Adaptation = Describe how this benefits the organism 


Example: Coloration/camouflage Helps the organism survive by allowing it to hide from 
Lichen-colored grasshopper predators 
(cecil 


_—— 


a Attracts insect pollinators 


12. How is the method of translocation helping Missouri’s prairie-chicken populations? 
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Lesson 2 


End of Chapter Assessment Scoring Guide 


1. Why is reproduction important to the survival of a species? 
Answer: Reproduction is important to the survival of a species by making sure the population grows so there are 
plenty of organisms. (1 point) 


2. Which selection below is an example of asexual reproduction? 
a. Reproduction in which offspring are genetically different than their parents 
b. Vegetative reproduction—for example, the runners produced by buffalo grass which can spread and grow new plants 
c. ‘The process of replicating a compact disk 
d. Self-incompatible 
Answer: b (1 point) 


3. Complete the chart below. (7 points) 


Senn ___[SeeRerodusion_tAsel epodueon_/poh_-_ 
a ae ae eat 
BaldEagle | 


Ele 
Bacteria 
[Prickly pearcactus | 
Rabbit 
[Bolete mushroom | 


4, Compare and contrast asexual and sexual reproduction in regard to how traits are passed from parents to offspring. 
Answer: Asexual reproduction involves one parent, and the traits passed to offspring are identical to the parent's 
traits, unless a genetic mutation occurs. Sexual reproduction involves two parents and the traits passed are a 
combination of the both parents’ genes or are due to genetic recombination of the genes during sex cell formation. 
Both forms of reproduction pass genetic traits from a parent organism to its offspring. (2 points) 


5. Bobwhite quail are efficient at reproduction, and females have the ability to lay many eggs in a breeding season. 
Despite this, they are not always successful as a species. What other considerations have to be made when resource 
managers decide how to set the quail hunting season. 

Answer: Resource managers have to remember that many quail die because they become food for other organisms, 
and their habitat needs are great. Even though there are many eggs laid each year, their mortality rate is very high. 
Resource managers must also consider how many quail may be harvested by hunters when setting the quail hunting 
season. (2 points) 


6. What factors make Mead’s milkweed particularly rare in Missouri? 
a. Mead’s milkweed requires an old growth forest habitat. 
b. Mead’s milkweed reproduces asexually and requires a prairie habitat. 
c. Mead’s milkweed requires a prairie habitat and is self-incompatible. 
d. Mead’s milkweed requires a prairie habitat and mammal pollinators. 
Answer: c (1 point) 
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7. Genetic homogeneity is the situation that occurs when members of a population have very similar genetic 
information. How could this lead to extinction of a species? 
Answer: If all members of a species have the same genetic makeup, they are more susceptible to dying off due to 
environmental conditions. If they all have a similar genetic weakness, for example, they may not be able to fend off 
a disease. (2 points) 


8. Identify and describe two causes of genetic variation in organisms of a population. 
Answer: Genetic variation can occur in three ways: 
1. Genetic factors—Mutations are a slight error in copying of the DNA. A specific mutation may actually be more 
favorable for an organism. 
2. Genetic factors—Recombination occurs when homologous chromosomes trade genetic information with each 
other. Genes are then mixed a second time when sperm fertilizes an egg to form a new organism. (1 point for 
each part answered correctly, 2 points possible) 


9. How is variation in a population important for survival of the population? 
Answer: More variation in a population means that something like an environmental disruption will be less 
damaging to the overall population—some may die, but not all. (1 point) 


10. Natural selection can be described by using the following equation: 
Variation + Differential Reproduction + Heredity = Natural Selection 
What does each part mean, and how do the parts of the equation go together to explain natural selection? 
Answer: Natural selection relies on variation (the idea that organisms in a population have different traits). These 
traits, along with differential reproduction (the idea that some organisms will survive and reproduce more often in a 
population) and heredity (the genetic traits passed on to offspring) equate to natural selection (the process by which 
organisms become adapted to their environment over time). (4 points total, 1 point for each correct part) 


11. Fill in the chart below. (8 points) 


Describe how this benefits the organism 


Coloration/camouflage Helps the organism survive by allowing it to hide from 
predators 
Shell Protection from predators 


Gills Collect oxygen from the water 
Colorful flower Attracts insect pollinators 
Protection from herbivores 


12. How is the method of translocation helping Missouri’s prairie-chicken populations? 
Answer: Translocation is helping Missouri prairie-chicken populations by creating more genetic variation. Moving 
new birds to join Missouri’s populations will keep the entire population stronger by introducing different genes into 
existing populations. (1 point) 
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Lesson 3: Population Checks and Balances 


Estimated time 


(4) 50-minute class periods 


Science CLEs 


EC.1.B.a. 


Identify and explain the limiting factors (biotic and abiotic) that may affect the carrying capacity of a 
population within an ecosystem 


EC.3.C. — Natural selection is the process of sorting individuals based on their ability to survive and reproduce within 
their ecosystem 

EC.3.C.b. Explain how genetic homogeneity may cause a population to be more susceptible to extinction (e.g., 
succumbing to a disease for which there is no natural resistance) 

EC.3.C.c. Exlain how environmental factors (e.g., habitat loss, climate change, pollution, introduction of non-native 
species) can be agents of natural selection 

IN.1.A.a. Formulate testable questions and hypotheses 

IN.1.A.b. Analyzing an experiment, identify the components (i.e., independent variable, dependent variables, control 
of constants, multiple trials) and explain their importance to the design of a valid experiment 

IN.1.A.c. Design and conduct a valid experiment 

IN.1.B.a. Make qualitative and quantitative observations using the appropriate senses, tools and equipment to gather 
data (e.g., microscopes, thermometers, analog and digital meters, computers, spring-seates, balances, metric 
rulers, gracduated-cytinders} 

IN.1.C.a. Use quantitative and qualitative data as support for reasonable explanations (conclusions) 

IN.1.C.b. Analyze experimental data to determine patterns, relationships, perspectives, and credibility of explanations 
(e.g., predict/extrapolate data, explain the relationship between the independent and dependent variable) 

Vocabulary 

Population size Exponential growth 

Population density Per capita rate of growth 

Dispersion Life table 

Mark-recapture methods Limiting factors 

Lincoln-Peterson estimate Density-independent factors 

Census Density-dependent factors 

Sample Compensatory mortality 

Quadrats Additive mortality 

Transects Carrying capacity 

Immigration Cultural carrying capacity 

Emigration 
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SnEcINES 


Describe the different ways ecologists measure populations. 
2. Explain what causes populations to increase or decrease. 
3. Explain how populations grow in the presence of abundant resources. 
4, Predict how a population’s size might change over time. 
5. Define limiting factor and list examples. 
6. Explain how limiting factors affect populations by changing birth and death rates. 
7. Compare and contrast density-dependent and density-independent limiting factors. 
8. Explain how carrying capacity affects population growth. 
nem Management Objectives 
Describe ways resource managers sample populations. 
2. Explain how scientists use mark-recapture methods to estimate population size. 
3. Explain how a species’ life history affects resource management decisions. 
4, Compare and contrast compensatory and additive mortality. 


5. Compare and contrast biological and cultural carrying capacity. 


Essential Questions 


What keeps any species from overrunning the earth? 


Teacher Notes 
Students should read Nature Unbound Chapter 3 before beginning Lesson 3 activities. 

These activities require prior set up. Students will utilize population sampling techniques and explore factors that 
affect population size. 


Outline of Answers to Objectives 
See page 98. 


Essential Activities 

Essential Activity 3.1—Mark and Recapture: A Method of Estimating Populations 
Essential Activity 3.2—How do Scientists Know? 

Essential Activity 3.3—Elk in Missouri 

Optional Activity 3A—Mark and Recapture: Alternative Method 
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End of Chapter Assessment 


Lesson 3 Questions and Answer Key 


Summary 

¢ Ecologists measure populations in different ways. 

¢ Births and deaths cause populations to grow and shrink. 

¢ With abundant resources, populations can grow quickly. 

¢ Many factors limit how large a population can grow. 

¢ Some limiting factors affect growth regardless of the population’s density; other limiting factors affect growth in 
relation to the population’s density. 

¢ Population growth slows as population size nears carrying capacity. 
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Outline of Answers to Objectives 


1. 


98 


Describe the different ways ecologists measure populations. (p. 28) 

a. One measurement is population size or the number of individuals making up the population. 

b. Another is population density or the number of individuals per unit area. 

c. Another is dispersion which is the spacing of individuals in a population. Populations can be dispersed in a 
clumped, uniform or random pattern. 


Explain what causes populations to increase or decrease. (p. 32) 

a. Four factors affect population size: births, deaths, immigration and emigration. 

b. For most populations, births and deaths affect population size more than immigration or emigration. 
c. When there are more births than deaths, the population grows. 

d. When there are more deaths than births, the population shrinks. 


Explain how populations grow in the presence of abundant resources. (pp. 32-33) 

a. With abundant resources—food, space, nesting sites—populations grow slowly at first and then faster and 
faster. If we were to plot this kind of growth on a graph, it would make a J-shaped curve. 

b. Reproduction causes the population to increase by multiplication rather than addition. 

c. ‘This type of growth is called exponential growth. 


Predict how a population’s size might change over time. (p. 34) 

a. ‘The population size in one year is the current population size multiplied by the per capita growth rate. 

b. If we want to estimate the population size at three years, we could perform the calculation three times. 

c. Since birth and death rates vary with ages of individuals in the population, per capita growth rate can be 
determined for each age class (called a life table) to provide a more accurate estimate. 


Define limiting factor and list examples. (p. 35) 

a. Limiting factors are those factors that slow a population’s growth or prevent it from existing in certain areas. 

b. Examples will vary but could include abiotic factors like sunlight, temperature, nutrients or precipitation. Biotic 
factors might include predators, competition, availability of food, shortage of mates, outbreak of disease or 
infestation of parasites. 


Explain how limiting factors affect populations by changing birth and death rates. (p. 36) 
a. When there are few limiting factors, births increase and deaths decrease. 
b. When there are many limiting factors, births decrease and deaths increase. 


Compare and contrast density-dependent and density-independent limiting factors. (p. 36) 
a. Density-independent factors affect a population regardless of its density. 
b. Density-dependent factors affect a population in ways related to population density. 


Explain how carrying capacity affects population growth. (p. 38) 

a. Most populations hover around carrying capacity. 

b. When a population grows larger than carrying capacity, there aren’t enough resources and deaths outnumber 
births, bringing the population size back to carrying capacity. 

c. When a population shrinks smaller than carrying capacity, there are more than enough resources and births 
outnumber deaths, bringing the population size back to carrying capacity. 
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ae Management Objectives 
Describe ways resource managers sample populations. (p. 30) 
Resource managers sample populations in many ways. Sometimes they divide a large area into smaller sections 
called quadrats and count all individuals in some quadrats. Other times they walk straight lines of known length 
called transects and count individuals. They also count nests, scat, hair or other evidence left behind. 


2. Explain how scientists use mark-recapture methods to estimate population size. (p. 29) 
Mark-recapture involves catching a sample of the population and marking the captured individuals in some way 
(paint, leg band, ear tag, etc). Individuals are then released and allowed to mix back into the population. After time, 
a second sample is captured. By comparing the number of individuals marked in the first sample to the marked 
individuals in the second sample, scientists can estimate the population size. 


3. Explain how a species’ life history affects resource management decisions. (p. 37) 
Resource managers use what they know about population changes to provide valuable scientific input to rule 
makers when setting hunting seasons, bag limits and harvest methods for populations. 


4, Compare and contrast compensatory and additive mortality. (p. 37) 
With compensatory mortality the different causes of death balance out or compensate for each other. In additive 
mortality the different causes of death add to each other. 


5. Compare and contrast biological and cultural carrying capacity. (p. 39) 


Biological carrying capacity is the number of individuals the habitat will support at a given time. The cultural 
carrying capacity is the number of individuals that people will tolerate. 
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Essential Activity 3.1 


Mark and Recapture: A Method of Estimating Populations 


Estimated time 


(2) 50-minute class periods 


Objectives 
Students will be able to: 
1. Describe the different ways ecologists measure populations. 


2. Describe the ways resource managers sample populations. 


3. Explain how scientists use mark-recapture methods to estimate population size. 


Teacher Preparation 
This activity is based on isopods (roly-polies). If none are found in the schoolyard ecosystem, crickets (purchased from a 
bait shop), grasshoppers or another organism that populates the schoolyard ecosystem may be substituted. 

Prior to teaching this activity, locate an area in the schoolyard ecosystem that contains rocks and/or fallen logs large 
enough to provide habitat for isopods but small enough for students to turn over. Check for the presence of isopods 
under several rocks or logs in the area. Locate enough rocks/logs to provide one rock/log per group of 3-4 students. 
Each group will work with one rock/log during the first sampling period and note its location carefully enough to be 
able to find it for the second sampling period. 

Have students work in groups of 3-4 and provide one copy of the /sopod Mark and Recapture Instructions sheet 
(laminated, if possible) per group. Students will use the Lincoln-Petersen estimate found on page 29 of Nature Unbound. 


nn, 
N=—12_ 
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Materials 

Student science notebooks 

Pencils 

Air thermometer 

Containers/trays—1 per group 

Colored nail polish—1 per group 

(Laminated) Copies of Jsopod Mark and Recapture Instructions—1 per group 


Procedure 

Sampling Period #1 

1. Have students complete their science notebook headings, record a description of their sampling site and be prepared 
to record questions they have during the sampling. 


2. At the predetermined area, distribute containers, nail polish and Jsopod Mark and Recapture Instructions to each group. 


3. Have each group stand next to one of the chosen rocks/logs and instruct them to follow directions on the 
instructions sheet. 
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Sampling Period #2 [2-3 days later] 


4, 


Wr. 
1. 


Have students complete their science notebook headings and be prepared to record questions they have during the 
sampling. 


Return to the same sampling area and distribute containers, nail polish and /sopod Mark and Recapture Instructions 
to each group. 


Have each group locate their original rock/log and instruct them to follow directions on the instructions sheet. 
Have students record the population estimate in their science notebook. 
Have each group share their population estimate for the sampled rock/log. 


ap up 


Discuss student findings and observations and create a class chart. 


2. Have the students review the class data and postulate the reasons for differences in the groups’ results. 

3. Would they be able to estimate the population size of isopods for the entire schoolyard ecosystem? Explain. 

4, What are the pros and cons of this sampling technique? Consider accuracy, harmful effects on a population, etc. 
5. Review the assumptions of this method (p. 29 of Nature Unbound). 

6. Compile a list of questions that can be created from the data collected. 

7. From that list, write a testable question and hypothesis. 

8. Identify the dependent and independent variables. 

Assessment 


Check student science notebooks for completion and accuracy. 


Extensions 

1. Have students research the natural history of isopods (species, habitats, reproduction, life cycle, etc.). 

2. Have students create an experiment or field study from one of the testable questions. 

3. Encourage students to participate in Monarch Watch (www. monarchwatch.org) and to record their data on Google 


Earth (www. google.com/earth/index.html). 
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3.1 Isopod Mark and Recapture Instructions 


Materials 


Student science notebooks 
containers 
nail polish 


Directions: Follow the instructions below. 


Sampling Period #1 
1. Select a rock/log from the study site. 


2. Note and describe the location of the rock/log as accurately as possible in your science notebook. (This will be the 
same rock/log used during Sampling Period #2.) 


3. Carefully turn over the rock/log and collect as many isopods as possible and place them into the container. 
4, Carefully place a small dot of nail polish on the back of each of the captured isopods. 


5. One person in each group should record how many isopods are marked. 
[This number represents nl, the number of individuals marked and released in the first sample.] 


6. After the nail polish is dry, return the marked isopods to the original location and carefully replace the rock/log. 
7. Return containers, nail polish and this instruction sheet. 

Sampling Period #2 

1. Locate the original rock/log from Sampling Period #1. 

2. Carefully turn over the rock/log and collect as many isopods as possible and place them into the container. 


3. Count the total number of captured isopods. 
[This number represents n2, the total number of individuals captured in the second sample.] 


4, Count marked isopods captured. 
[This number represents m2, the number of individuals with marks in the second sample.] 


5. Return all marked and unmarked isopods to the original location and carefully replace the rock/log. 


6. Return containers, nail polish and this instruction sheet. 
Complete the Lincoln-Petersen estimate. 


_ _ An, 
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7. What is the population estimate for the sampled rock/log? 
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Essential Activity 3.2 


How Do Scientists Know? 


Estimated Time 


(1) 50-minute class period 


Objectives 


Students will be able to: 
1. Describe the different ways ecologists measure populations. 


2. Describe ways resource managers sample populations. 


Teacher Preparation 

For this activity, students will sample a population. Divide the class into six groups. Have students review the “Ecology 
in Action” section of Nature Unbound (pp. 30-31). To successfully sample an area, scientists must have an idea of what 
population is there in the first place and how that population changes over time. Often an area is too large, or it is 
impractical to count every individual, so a sample is taken and then used to extrapolate the population of an area or site. 
‘There are several ways to do this, but for this activity, students will use a “picture in time” as the sampling method 
(items sampled are not mobile). Students will count individuals in a particular area at a point in time. Students will use 
the ratio/proportion method to calculate the population size. 


Total # animals in sample Area sampled 
Total # animals in study site (x) Total area of study site 


For example, if there were 10 deer in the sample: 


Total # animals in sample (10 deer) Area sampled (30 Ac.) 

Total # animals in study site (x) Total area of study site (150 Ac.) 
10 _ 1 acre 
x 5 acre 


10 deer x 5 Ac./ 1 Ac. = 50 deer estimated in study site. 

‘The study site must be set up in advance: 

1. Outline the study area by placing a rope exactly 42 feet 8 inches long in a square each side of which should be 
10 feet 8 inches long, It is important to lay the rope out as squarely as possible. Place an orange cone or tent stake 
at each corner to hold the rope in place. 


2. Randomly and (fairly evenly) spread all the golf tees within the square study site. 


3. Randomly place the hula hoops numbered 1-6 into the square study site. Hula hoops should not overlap or extend 
onto or outside the square. 


4, Hula hoops represent quadrats. Note: Arrange hula hoops to allow enough space for each group to gather around 
the outside of their chosen hula hoop. 
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Materials 

Student science notebooks 

Nature Unbound student book 

Pencils 

Air thermometer 

Orange cones or tent stakes (4) 
Rope—exactly 42’ 8” long 

Bag of golf tees (75 blue, 100 white, 75 red, 25 tan) 
Hula hoops—numbered 1 through 6 
Copies of 3.2 Data Sheets—one per group 
Easel and flip chart 

Markers 

Calculators 


Procedure 


1. Have students complete their science notebook headings. 
2. Divide students into six groups and give each group a 3.2 Data Sheet. 


3. At the study site, explain that students will use a sampling technique called a “picture in time,” that they will 
calculate a population size by using a ratio/proportion method and that with this method, they should assume: 
¢ ‘The population is not very mobile. 
¢ ‘The population is equally dispersed over the study area. 
¢ Every individual has an equivalent chance of being counted. 


Note: Students must not move the golf tees. This is a visual sampling of a population and not a mark and recapture sample. 


4, Each group should choose its own quadrat (hula hoop), count the number of individuals (golf tees) of each type 
(color) and record the information on the Data Sheet using the golf tee color key on the 3.2 Data Sheet. 


5. Have students add the number of each species in the samples and total the columns. For the purposes of this activity, 


inform students that the entire study site is 150 acres (60.71 hectares) and that each hula hoop represents 5 acres. 


6. Analysis 


a. ‘The number of individuals in the quadrats should be proportional to the number of individuals in the entire 


study site. 


b. Ifthe entire study site is 150 acres (60.71 hectares) and each quadrat (hula hoop) represents 5 acres, how many 


acres have been sampled? [30 acres or 12.14 hectares] 
c. Insert sample numbers into the formula below and calculate the estimated populations for each species: 


Total # animals in sample Area sampled 
Total # animals in study site (x) Total area of study site 
7. Complete calculations for all samples. 


8. Have students collect the golf tees, hula hoops and rope. 
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Wr. 
1. 


ap up 


Provide students with the actual numbers of populations and have them compare their population estimates with 
the actual population numbers. 

Coyote—25 Turkey — 75 

Deer — 100 Quail — 75 


2. What could account for any differences? Review the assumptions: 
¢ ‘The population is not very mobile. 
¢ ‘The population is equally dispersed over the study area. 
¢ Every individual has an equivalent chance of being counted. 
3. Are these accurate assumptions based on the species selected? Why or why not? 
4, What method could be used to provide a more accurate assessment of the population without adding work? 
5. Why would an area manager or landowner want to know or even care about the wildlife populations on an area or 
on his/her property? 
6. Why would an ecologist need to have an accurate idea of the size of a population? 
Assessment 


Check Data Sheet and formula calculations for completion and accuracy. 


Extensions 


1. 
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Set up a study plot to estimate the population size of a species in the schoolyard ecosystem. 
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3.2 Data Sheet 


Site Number 


Directions: Count individuals within the quadrat (hula hoop) and place the number in the corresponding box. When 
all data have been placed on this sheet, add this data to the Sample Summary Chart below. 


Coyote (tan) Deer (white) Quail (blue) Turkey (red) 


Population Estimates 


Sample Summary Chart 


Directions: Enter all data from each group. Calculate the formula below. 


Total # animals in sample Area sampled (30 Ac.) 


Total # animals in study site Total area of study site (150 Ac.) 
(Also called population estimate) 
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Essential Activity 3.3 


Elk in Missouri 


Estimated Time 


(1) 50-minute class period 


Objectives 
Students will be able to: 
1. Explain the concept of limiting factors. 


2. Explain what causes populations to increase or decrease. 

3. Explain how populations grow in the presence of abundant resources. 

4, Predict how a population’s size might change over time. 

5. Explain how carrying capacity affects population growth. 

6. Describe the relationship between elk populations, their food supplies and predators including hunters. 
7. Predict how changes in ecosystems will affect elk populations. 


8. Recognize that conservation can involve the harvesting of a natural resource in a way that ensures the continuing 
availability of that resource. 


Teacher Preparation 
Prior to this activity, provide students with and have them read the Elk Information Sheet or have them research the 
natural history of elk. 

Elk, like all wildlife, have basic needs that their habitat must provide. Elk are herbivores, consuming predominantly 
herbaceous plants like grasses and forbs (broadleaf vegetation). They feed by grazing slowly across the landscape. They 
will also eat browse, or woody vegetation such as tree bark and twigs. An elk’s diet will vary depending on the size of 
the animal and availability of food in the habitat. When in short supply, food can be a limiting factor (impacting the 
survival of the animals). This active simulation allows students to discover some of the limiting factors that may affect 
the survival of elk. Refer to the Elk Information Sheet for additional information regarding elk. 

Refer to the table on the next page regarding the food requirements of an average adult elk for 3 fall months. 
Gather the correct number and color of tokens to represent the amount of food needed for a class of 30 students to play 
the game. Mark the 3 colors of tokens with an A and B to represent varying quality of the available food. Adjust the 
number of tokens to the group size so that there are fewer than 1,350 pounds available per student. 
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Fall Requirements Per Animal 


Token % of Requirements per Tokens Required 

Color Diet 3 Months of Fall for 30 Students 
Grasses 40% 540 lb. 15 = 450 lb. each (A) 
(green tokens) 45 = 200 lb. each (B) 


Broadleaf Forbs 25% 340 lb. 15 = 270 lb. each (A) 
(yellow tokens) 45 = 135 lb. each (B) 

Browse 35% 470 |b. 15 = 350 lb. each (A) 
(brown tokens) 45 = 200 lb. each (B) 


1,350 Ib. 180 Tokens 


Materials 

Copies of Elk Information Sheet—one per student (to be read prior to this activity) 
Student science notebook 

Pencils 

Copies of 3.3 Tally Sheet—one per student 

180 tokens (60 tokens of 3 different colors to represent grasses, forbs and browse) 
Sandwich or other bags for students to collect tokens 


Procedure 


1. Review natural history of elk. 
2. Review concepts of habitat and carrying capacity. 
3. Provide students with 3.3 Tally Sheet. 


4, Play the Missouri Elk Game using the food tokens. 

a. Fora class size of 30, 180 food tokens of 3 colors will be used. 

b. Randomly place the various food tokens in the space selected for the activity. 

c. Remind students that elk browse for food. To simulate this behavior, students must move slowly. 

d. ‘The goal is for each elk to survive 3 months, or a fall season. Each elk requires approximately 1,350 pounds 
or 630 kilograms of various food components to survive one fall season. Do not tell students what the token 
colors or letters on the tokens represent. Instruct students to gather different kinds of food to represent a variety 
of food in the elk’s diet. Students should pick up tokens one at a time and use sandwich bags to collect tokens 
until each round is completed. 

e. Have students count off from1 to 4 so that they are divided into four groups. Eventually each student 
will participate, but only % the group will participate in the first round. For the first round, have students 
numbered 3 and 4 sit and watch. Those students can assist with tabulating tokens and recording data. 

f. Round 1—Small population, fixed food supply. This simulates the first year when the elk population is 
small and food is readily available. Have students attempt to collect enough food to survive the first fall, or 
approximately 1,350 pounds of the various food components. 

i. Give students numbered 1 and 2 approximately 5 minutes to collect food tokens. 
ii. Have the students tabulate the amount of food they collected. 
iii. Record the number of elk that collected at least 1,350 pounds of food and survived. 
iv. Discussion: 
¢ How many elk survived? Why? 
* Could the habitat support more elk? Why or why not? 
v. Have students replace the tokens in the selected area for Round 2. 
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g. Round 2—Large population, fixed food supply. This simulates 5 years after Round 1. Reproduction among the 

survivors produced additional elk, but the fall food supply remains the same. 

i. Have all students participate in Round 2. 

ii. Give students 5 minutes to collect food for the fall season. 

iii. Have students tabulate the pounds they collected. 

iv. Record the number of elk that survived. 

v. Discussion: 
¢ How many students were able to collect 1,350 pounds of food? Why or why not? 
¢ What would happen to the remaining elk? 
¢ Was the carrying capacity of the habitat reached? 

vi. Have students replace the tokens for Round 3. 

h. Round 3—Reduced population, fixed food supply with hunters as predators. This simulates 5 years later. 
Reproduction among the survivors has caused the elk population to increase, which produces a surplus of elk. 
Find out what happens when hunters act as predators to reduce the surplus. 

i. Have students numbered 2, 3 and 4 participate while students numbered 1 sit out. The students numbered 
1 will represent the elk harvested during hunting season. 
ii. Give students 5 minutes to collect food for the winter. 
iii. Have students tabulate the amount of food they collected. 
iv. Record the number of survivors. 
v. Discussion: 
¢ How many elk survived? Why? 
vi. This part could be played several times with varying results explained by normal high and low cycles 
encountered in any wildlife population. 
vii. Remove 1/3 of the tokens to simulate the result of 
1. building a shopping center 
2. building a factory 
3. building highways 
4, removing farmland 
5. building a subdivision 
viii. Have students return the tokens. 

i. Round 4—Large population, reduced food supply with habitat change. This simulates an additional 5 years 
passing. Reproduction among survivors has caused the elk population to increase. Surplus elk were produced. 
What happens when the habitat changes? 

i. Have all students participate. 
ii. Give students 5 minutes to collect fall food. 
iii. Have students tabulate the amount of food each collected. 
iv. Record the number of survivors. 
v. Discussion: 
¢ What did the removal of food tokens represent? 
¢ How many elk survived? 
¢ What does wildlife need most for survival and where do they find it? 


NATURE UNBOUND: THE IMPACT OF ECOLOGY ON MISSOURI AND THE WORLD 109 


Wrap up 


1. In which round did the largest percentage of elk survive? Why? 
2. What happened in Round 2 when the elk exceeded the carrying capacity of the environment? 
3. Would there be more elk if hunting were stopped? 


Assessment 
Have students graph the data collected while playing the Missouri Elk Game. 


Extensions 


1. For Hunter Education opportunities in your area, check the web site: http://mdc.mo.gov/hunt/huntered/. 


2. Instruct students to write about their experiences from the elk’s point of view. Include how difficult or easy it was to 
find food and water to survive each round. What happened when the carrying capacity was exceeded? How could 
an elk’s experience be related to human populations throughout the world? 


Resources 

¢ MDC video: Back to the Wild 

¢ Hunting and Trapping Regulations booklet 
¢ Wildlife Code of Missouri booklet 
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3.3 Tally Sheet 


Survival Rate 
Rounds: # at Beginning of # at End of Round (Divide the # of survivors 
Carrying Capacity Comparisons (Survivors) by the # of animals at 
beginning of Round) 


Small Population 
Fixed Food Supply 


Round 2 Large Population 
Fixed Food Supply 


Round 3 Reduced Population 
Fixed Food Supply 
Hunters as Predators 


Round 4 Large Population 
Reduced Food Supply 
Habitat Change 
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Elk Information Sheet 


Elk, Cervus elaphus, belong to the deer family. Many attributes of elk are similar to the more familiar white-tailed deer. 
Like deer, male elk have antlers; females do not. Elk habitat needs are also similar to deer. Like deer, elk need areas to 
feed, bed and take cover, and they also need a nearby source of water. Food habits are similar with both species being 
browsers and grazers. Like deer, elk suffered severe population declines in the 1830’s due to over exploitation for meat, 
hide and antlers, but mostly due to habitat changes when settlers turned open grazing lands and forests into homesteads, 
towns, and agricultural lands. Before settlement times, both species were abundant throughout Missouri. 

Here is where the species differ. Conservation efforts were able to bring white-tailed deer populations back in the 
state, but by 1865, elk were extirpated (completely removed from the area) according to historical accounts. Currently, 
the Department of Conservation is working towards restoring this native animal to a small, targeted zone in southeastern 
Missouri. Restoration efforts would bring back a unique and majestic species to a portion of its former range. 


Description of Elk 

Male elk (bulls) are 600-800 pounds and stand five feet at the shoulder. Antlers, which are shed each year, can weigh up 
to 40 pounds. Females (cows) can be 400-600 pounds and stand 4% feet at the shoulder. In summer, the coat is smooth 
and reddish brown, but in the winter these animals sport a light brown coat with darker hair on the head, neck and legs 
and a mane from the neck to the chest. 

The home range (area travelled and defended) of bulls can be 15,000-20,000 acres. Outside of the mating season, 
bulls live alone or in bachelor groups. Females form loose herds with cows, calves (young elk) and yearlings. During 
mating season, called the rut, which occurs in late September-early October, males use high pitched squeals, called 
bugles, to keep their harems (groups of cows and calves) together and to intimidate other bulls. During this time, bulls 
may clash antlers to defend their harems. The rut is an awe-inspiring event to see and hear. 

Most calves are born from mid-May to early July after an 8% month gestation. They are about 35 pounds at birth 
and gain weight rapidly. Elk have only one offspring per year, so they do not have the reproductive potential of deer that 
often have twins and triplets. Because of this, elk populations will grow much slower than deer. 

Due to their large size, elk have few predators other than humans, mountain lions, and wolves. Historically 
in Missouri, wolves were the primary predator but have been extirpated from the state. While several sightings of 
mountain lions have been verified in Missouri, they are also considered extirpated since there is no evidence of a 
breeding population in the state. Coyotes and black bear will take young calves. The elk population in Missouri, when 
restored, would be managed primarily by hunting. 


Food Habits 

Elk are herbivores, consuming predominantly herbaceous plants like grasses and forbs (broadleaf plants). They feed by 
grazing slowly across the landscape. They will also eat browse, or woody vegetation such as tree bark and twigs. When 
in short supply, food can be a limiting factor (impacting the survival of the animals). 

The diet of elk varies by season, location and availability of plant species. In spring, grasses comprise 85 percent of 
their diet. In summer and fall, grasses, forbs and some woody plants (twigs and leaves) are consumed as grasses become 
dried and less palatable. In winter, shrubs become more important in the diet. 

The average adult elk (over 500 Ibs) eats about 15 pounds of food a day in the spring, summer and fall. In the winter, 
the average amount eaten is 10 pounds, probably due to the dependence on browse, which is more difficult to chew. 
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Optional Activity 3A 


Mark and Recapture: Alternative Method 


Estimated time 


(1) 50-minute class period 


Objectives 
Students will be able to: 
1. Describe the different ways ecologists measure populations. 


2. Describe the ways resource managers sample populations. 


3. Explain how scientists use mark-recapture methods to estimate population size. 


Teacher Preparation 
This activity can be used in a classroom to prepare for Essential Activity 3.1. 

Have students work in groups of 3 or 4. Provide one sample (bean population) for each group. Use the same 
number of beans for each group (in which case they should come up with similar population estimates) or use different 
numbers (which could simulate different years or locations of study). Students will use the Lincoln-Petersen estimate 
found on page 29 of Nature Unbound. 


N= 


mM, 


¢ nl is the number of individuals marked and released in the first sample 
¢ 2 is the total number of individuals captured in the second sample 
¢ m2 is the number of marked individuals in the second sample 


Materials 

Student science notebooks 

Pencils 

Container or paper lunch bag 

Approximately 1 pound each of two different kinds of dried beans (similar size; two different colors) 


Procedure 


1. Distribute a bean population sample (paper bag or container containing a set number of beans of one color) to each 
student group. Use 100 beans of one color for each group to start. Additional experiments may be conducted using 
different starting amounts for each group. 

2. Have each group “sample the population” by pulling out as many beans as they can in a set period of time (two to 
five seconds). Students should not look at the beans in the bag, and the beans should be pulled out one at a time. 
Additional experiments may be conducted using different amounts of time or by grabbing handfuls from the bag. 


3. Have students record the number of beans removed within the set time. This number represents n.. 


4, Beans removed from the sample in step #2 should be replaced with a different color bean of similar size. 
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Shake or mix the beans in the container. Have each group “sample the population” again (repeat step 2) without 
looking at the beans in the bag as they are removed one by one. 


The number of beans pulled out should be recorded (n,) and the number of different colored beans should be 
noted (m,). 


Have students estimate their population using the Lincoln-Petersen estimate. 


Have each student summarize their findings and describe the pros and cons of this method of population 
estimation in their science notebooks. 


Wrap up 


1. Discuss student findings and observations. 


2. Were there differences in group estimates if each group received the same number of beans to sample? Why? 


3. Review the assumptions of this method (p. 29 in Nature Unbound). 


4, Discuss the pros and cons of this sampling technique. 


Assessment 


1. Check student science notebooks for accuracy of population estimate. 


2. Check student summaries for understanding. 


Extension 


‘The experiment may be modified in several ways: 


dk, 
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Use different numbers of beans to start with for each group (as suggested in procedure #1). Can the groups arrive at 
a good estimate? Why? Is the estimate better when the initial population is larger or smaller? Why or why not? 


Use different amounts of time to remove beans (as suggested in procedure #2). How does this affect the accuracy of 
the population estimate? Is the estimate better when more of the population is captured in the first sample? Why or 


why not? 


How would using two different size beans affect the estimate? Which assumption for the estimate does that 
scenario test? 


Devise experiments to test the other assumptions of this method. 


NATURE UNBOUND: THE IMPACT OF ECOLOGY ON MISSOURI AND THE WORLD 


Lesson 3 


End of Chapter Assessment 


1. For each limiting factor listed, explain why it can be a limiting factor. Use examples in your explanation. 


Limiting Factor Explanation 


pe 


2. Key measurements of a population that ecologists make are: 
a. Size, number of predators and carrying capacity 

b. Size, density and carrying capacity 

c. Size, density and dispersion 

d. Size, carrying capacity and dispersion 


3. Under what conditions might a population show a clumped pattern? 


4, Assumptions of the Lincoln-Petersen method include: 
a. All individuals have the same probability of being caught. 
b. Marking affects survival. 
c. Marked individuals lose their marks between captures. 


d. All of the above 


5. Give an example of a testable question that a scientist might ask about a population. Write a hypothesis for 
this question. 


6. How would you determine the population of white oaks in a Missouri forest? 
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10. 


11. 


12. 


13. 


14. 
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Population x is increasing. What factors might cause the increase? 
How do resource managers predict how a population might change over time? 


Which graph depicts a population change with abundant resources? 
Uniform dispersion 

b. Density-independent 

c. J-shaped curve 
d 


Emigration 


> 


True or False. An ice storm, a drought and a toxin spill are all density-dependent factors. Explain your answer. 


Is hunting a compensatory or additive mortality? Explain how you determine this. 


Explain what happens if a population were to exceed the carrying capacity of an area. 


Explain the difference between biological and cultural carrying capacity. 


A wetland area manager is preparing for the upcoming waterfowl season. For the past two years, waterfowl censuses 
indicate that populations are declining. How would this information influence the manager’s decisions regarding 
waterfowl hunting? 
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Lesson 3 


End of Chapter Assessment Scoring Guide 


1. For each limiting factor listed, explain why it can be a limiting factor. Use examples in your explanation. 
Answer: 


Limiting Factor Explanation 


Sunlight Without enough light, green plant growth can be slowed, and plant populations that 
require a lot of sun will diminish. 


Food availability Without enough food, animal populations (like bobcat) will suffer because many die of 
starvation. 


Disease An outbreak of disease can kill animals (like chronic wasting disease in deer), and the 
population will decline. 


(3 points) 


2. Key measurements of a population that ecologists make are: 
a. Size, number of predators, and carrying capacity 
b. Size, density, and carrying capacity 
c. Size, density and dispersion 
d. Size, carrying capacity and dispersion 
Answer: c (1 point) 


3. Under what conditions might a population show a clumped pattern? 
Answer: Answers will vary but could include patchiness of habitat, nest sites, sunlight, food or grouping for mating 
or winter survival. (1 point) 


4, Assumptions of the Lincoln-Petersen method include: 
a. All individuals have the same probability of being caught. 
b. Marking affects survival. 
c. Marked individuals lose their marks between captures. 
d. All of the above 


Answer: a (1 point) 


5. Give an example of a testable question that a scientist might ask about a population. Write a hypothesis for 
this question. 
Answers will vary. For example, if the question was “How many monarch butterflies are in our schoolyard?” The 
hypothesis could be “I think there could be 100 because we have a lot of flowering plants.” (2 points) 


6. How would you determine the population of white oaks in a Missouri forest? 
Answer: You could walk a small patch of forest and count every tree (census). For a larger space, you could take a 
sample—either a quadrat or transect and multiply by the number of samples contained in the area. (2 points) 


7. Population x is increasing. What factors might cause the increase? 
Answer: Births or immigration could cause a population increase. (2 points) 


8. How do resource managers predict how a population might change over time? 
Answer: The population size in one year is the current population size multiplied by the per capita growth rate. If 
we want to estimate the population size at three years, we could perform the calculation three times. Since birth 
and death rates vary with ages of individuals in the population, per capital growth rate can be determined for each 
age class (called a life table) to provide a more accurate estimate. (2 points) 
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9. Which graph depicts a population change with abundant resources? 
a. Uniform dispersion 
b. Density-independent 
c. J-shaped curve 
d. Emigration 
Answer: c (1 point) 


10. True or False. An ice storm, a drought and a toxin spill are all density-dependent factors. Explain your answer. 
Answer: False. These are density independent factors. (2 points) 


11. Is hunting a compensatory or additive mortality? Explain how you determine this. 
Answer: Hunting could be either compensatory or additive. For most species, hunting seems to be compensatory 
up to a point. You determine this by knowledge of population numbers. If populations do not rebound, hunting is 
additive; if populations can be sustained without long term declines, hunting is compensatory. (4 points) 


12. Explain what happens if a population were to exceed the carrying capacity of an area. 
Answer: When a population grows larger than carrying capacity, there aren't enough resources, and deaths 
outnumber births, bringing the population size back to carrying capacity. (2 points) 


13. Explain the difference between biological and cultural carrying capacity. 
Answer: Biological carrying capacity is the number of individuals of a species that the habitat will support. Cultural 
carrying capacity is the number of individuals that people will tolerate. The difference is in perspective—habitat or 
people. (1 point) 


14. A wetland area manager is preparing for the upcoming waterfowl season. For the past two years, waterfowl censuses 
indicate that populations are declining. How would this information influence the manager’s decisions regarding 
waterfowl hunting? 

Answer: Answers should indicate that the manager would be looking at changing bag limits, harvest season and 
harvest methods. (1 point) 
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Lesson 4: Interactions—Costs and Benefits 
of Survival 


Estimated time 


(3) 50-minute class periods 


Science CLEs 


EC.1.A.a. 


EC.1.A.b. 


EC.1.A.c. 


EC.3.C.a. 


IN.1.A.a. 


IN.1.B.a. 


IN.1.B.e. 


IN.1.B.f. 


IN.1.C.a. 


IN.1.C.b. 


Explain the nature of interactions between organisms in predator/prey relationships and different symbiotic 
relationships (i.e., mutualism, commensalism, parasitism) 


Explain how cooperative (e.g., symbiotic) and competitive (e.g., predator/prey) relationships help maintain 
balance within an ecosystem 


Explain why no two species can occupy the same niche in a community 

(The functional role of a species is not limited to its placement along a food pyramid; it also includes the 
interactions of a species with other organisms while obtaining food. For example, the methods used to 
tolerate the physical factors of its environment, such as climate, water, nutrients, soils, and parasites, are all 
part of its functional role. In other words, the ecological niche of an organism is its natural history: all the 
interactions and interrelationships of the species with other organisms and the environment) 


Identify examples of adaptations that may have resulted from variations favored by natural selection 
(exgs-tong-necked-girattes-tong-eared-jack rabbits) and describe how that variation may have provided 
populations an advantage for survival 


Formulate testable questions and hypotheses 


Make qualitative and quantitative observations using the appropriate senses, tools and equipment to gather 


data (¢.g., microscopes, thermometers, analog and digital meters, computers, spring-seates, balances, metric 
rulers, grachratecd-cytinders} 


Calculate the range, average/mean, percent, and ratios for sets of data 


Recognize observation is biased by the experiences and knowledge of the observer (e.g., strong beliefs about 
what should happen in particular circumstances can prevent the detection of other results) 


Use quantitative and qualitative data as support for reasonable explanations (conclusions) 


Analyze experimental data to determine patterns, relationships, perspectives, and credibility of explanations 
(e.g., predict/extrapolate data, explain the relationship between the independent and dependent variable) 
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Vocabulary 


Interaction Predators 
Competition Herbivores 
Exploitation Parasites 
Mutualism Host 

Indirect competition Brood parasites 
Intraspecific competition Warning coloration 
Interspecific competition Mimic 

Timber stand improvement Model 

Stand Batesian mimicry 
Niche Mullerian mimicry 
Fundamental niche Commensalism 
Realized niche Symbiosis 


Competitive exclusion principle Predator-prey cycles 
Resource partitioning 


Objectives 
I, 


Explain how competition affects the growth, survival and reproduction of organisms. 
2. Define niche and describe various aspects that make up a species’ niche. 
3. Distinguish between a species’ fundamental and realized niche. 
4, Explain the competitive exclusion principle (Gause’s Law). 
5. Describe various kinds of exploitation and explain how each affects the organisms involved. 
6. Describe adaptations that help organisms exploit other organisms or avoid being exploited. 
7. Explain commensalism and its effects on the organisms involved. 
8. Explain mutualism and its effects on the organisms involved. 
9. Explain and give examples of how interactions maintain balance within an ecosystem. 
Resource Management Objectives 
1. Explain how timber stand improvement reduces competition among trees. 
2. Explain how resource managers optimize the number of niches in a wetland by manipulating water flow. 
3. Describe strategies resource managers could take to thwart cowbird brood parasitism. 
Essential Questions 
1. Why can’t two species have the exact same requirements and same role in a community? 


2. How do relationships between organisms maintain balance in an ecosystem? 
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Teacher Notes 
Students should read Nature Unbound Chapter 4 before beginning Lesson 4 activities. 

Availability and use of digital cameras and/or video cameras would greatly enhance Activity 4.1. However, students 
could create sketches and written reports from their observations if cameras are not available. 


Outline of Answers to Objectives 
See following page. 


Essential Activities 


Essential Activity 4.1—On the Hunt for Interactions 
Essential Activity 4.2—Tree Inventory 


End of Chapter Assessment 


Lesson 4 Questions and Answer Key 


Summar 

° ee compete for limited resources. 

¢ Competition affects the growth, survival and reproduction of the organisms involved. 

e A species’ niche describes its way of life and role in an ecosystem. 

¢ Two species cannot have the same niche in an ecosystem. 

¢ Exploitation benefits one organism but harms another. 

¢ Organisms have adaptations to help them exploit other organisms or avoid being exploited. 
¢ Commensalism benefits one organism but does not affect another. 

¢ Mutualism benefits each organism that participates in the interaction. 

¢ Interactions maintain balance within an ecosystem. 
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Outline of Answers to Objectives 


1. 


122 


Explain how competition affects the growth, survival and reproduction of organisms. (p. 43) 

a. When a greater number of organisms competes for the same amount of resources, the growth of each organism 
is diminished. 

b. When resources are scarce, competition for food or space can affect survival. Organisms may not get enough 
to eat and die. More time may be spent searching for limited resources in marginal habitats causing greater 
vulnerability to weather or predators. 

c. When resources are scarce, competition may cause a female to go hungry, reducing survival and reproductive ability. 


Define niche and describe various aspects that make up a species’ niche. (p. 45) 

a. Aniche describes everything affecting a particular species’ existence—its way of life and role in an ecosystem. 

b. A species’ niche includes the range of environmental conditions the species can tolerate, what it needs to grow, 
survive, and reproduce, and how it interacts with its biotic and abiotic environment. 


Distinguish between a species’ fundamental and realized niche. (p. 45) 

a. A fundamental niche includes the environmental conditions the species can tolerate and the resources it is 
capable of using under ideal conditions. 

b. The realized niche is the portion of the fundamental niche a species uses in the presence of other species. Competition 
and predation may cause a species to use only part of the resources that make up its fundamental niche. 


Explain the competitive exclusion principle (Gause’s Law). (p. 47) 

a. ‘The competitive exclusion principle states that two species with identical niches cannot coexist over time. 

b. When two species compete for exactly the same resources, one will be more efficient than the other at gathering 
those resources. 

c. ‘The more efficient species will fill the niche with more of its offspring, eventually leaving no resources for the 
less efficient species which will die off in time. 


Describe various kinds of exploitation and explain how each affects the organisms involved. (p. 48; p. 54) 

a. ‘Three forms of exploitation are predation, herbivory and parasitism. 

b. Exploitation benefits one organism but harms another. 

c. Predation involves one organism, the predator, gaining energy by catching, killing and eating another 
organism, the prey. 

d. Herbivory involves one organism, the herbivore, gaining energy by eating plant parts. 

e. Parasitism involves one organism, the parasite, gaining energy by feeding on blood, fluids or tissues of another 
organism, the host. 


Describe adaptations that help organisms exploit other organisms or avoid being exploited. (p. 48; pp. 50-52) 

a. Keen senses may help a predator find prey. 

b. Predators may have adaptations such as claws or venom to help catch and consume prey; behavioral adaptations 
such as ambush techniques also help some predators catch prey. 

c. Prey species may avoid detection or evade capture by use of blending coloration, warning coloration, Batesian 
mimicry or Mullerian mimicry. 

d. Many prey species use speed to avoid capture; slower prey species have shells or bony plates to protect them 

from attack. 

Herds, flocks and schools protect some prey species by having more eyes to detect danger. 

Some prey species use confusion or scare tactics to avoid predation; some use toxic chemicals to discourage predators. 

Some plants use structures such as thorns or spikes to defend against herbivores; other plants may employ chemicals. 

Herbivores may use grinding teeth to chew tough plant tissues or microorganisms to digest cellulose. 

Many parasites have keen senses, sucking mouthparts or hooklike appendages and /or elaborate life cycles to 

help them find, feed on and disperse from their hosts. 
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7. Explain commensalism and its effects on the organisms involved. (pp. 52-53) 
a. Commensalism is an interaction of two organisms where one organism benefits but the other is not affected. 
b. Some ecologists argue that the interaction is commensalism only when the benefiting organism cannot survive 
without the other species. 
c. Others argue that the relationship has to be slightly beneficial or harmful to the organism originally thought to 
be unaffected; thus they believe pure commensalism does not exist. 


8. Explain mutualism and its effects on the organisms involved. (pp. 53-54) 

Mutualism is an interaction of two organisms where both benefit. 

Both can benefit from food and energy efficiency. 

Mutualism can help one of the organisms reproduce. 

The relationship can increase the safety of participants. 

When one organism could not survive without the other, the relationship is termed symbiosis. 
Mutualism, parasitism and some kinds of commensalism are all types of symbiosis. 


moeeaogre 


9. Explain and give examples of how interactions maintain balance within an ecosystem. (pp. 54-55) 
a. Loss of mutualistic relationships would ripple through the biosphere until very few organisms remained; thus 
these relationships are important to the survival of both species involved. 
b. When prey species disappear, predators soon decline; thus predators keep prey populations in check and 
maintain balance in the ecosystem. 


ae Management Objectives 


. Explain how timber stand improvement reduces competition among trees. (p. 44) 

By removing some trees (unwanted or low value trees), the remaining trees do not have to compete for sunlight or 
water which allows those trees to grow faster. With less energy needed for competition, trees that remain can devote 
more energy to survive disease and pest infestations and for reproduction. 


2. Explain how resource managers optimize the number of niches in a wetland by manipulating water flow. (p. 46) 
Resource managers manipulate how deep, how long and when wetland pools flood. Often, managers begin flooding 
those pools in late summer creating mudflats for migrating shorebirds. By fall, the water is a little deeper and 
covers more of the pool attracting large flocks of ducks. In early spring, flooded vegetation begins to decompose 
attracting insects and providing food for waterfowl. In late spring, managers begin slowly drawing water off wetland 
pools, dispersing seeds of wetland plants and creating mudflats for shorebirds and breeding pools for amphibians. 
Sometimes managers leave pools flooded throughout the summer as spawning grounds and nurseries for fish. 
Wetlands dry up later in the summer creating small pools of concentrated fish for herons to hunt. Thus, through 
manipulation of water flow, managers meet the niche requirements of a vast array of species throughout the year. 


3. Describe strategies resource managers could take to thwart cowbird brood parasitism. (p. 49) 
Managers (with the proper federal permits) might trap and kill adult cowbirds and remove cowbird eggs from host 
nests. This is usually not cost effective or successful on a large scale. For large tracts, keeping those forests from 
being divided into smaller tracts is the best way to reduce cowbird parasitism. 
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Essential Activity 4.1 


On the Hunt for Interactions 


Estimated time 


(1) 50-minute class period (for observation activity) 
(1) 50-minute class period (for presentations) 


Objectives 
Students will be able to: 
1. Explain how competition affects the growth, survival and reproduction of organisms. 


2. Explain the competitive exclusion principle (Gause’s Law). 
3. Describe various kinds of exploitations and explain how each affects the organisms involved. 


4, Explain the nature of interactions between organisms in predator/prey relationships and different symbiotic 
relationships (mutualism, commensalism, parasitism). 


5. Describe adaptations that help organisms exploit other organisms or avoid being exploited. 


6. Explain and give examples of how interactions maintain balance within an ecosystem. 


Teacher Preparation 
The schoolyard ecosystem will be used in this activity. Students will search for and record examples of organism 
interactions. Prompt students to make a strong effort to seek out and find examples of interactions between and among 
organisms. Students will also describe the adaptations that help an organism exploit other organisms or protect it 
from being exploited. Students should videotape and/or take pictures of these interactions to include in a short film or 
PowerPoint presentation to the class. All observations should be recorded in student science notebooks, and students 
should prepare prompts in their science notebooks that will help them remember the interactions they observe. If 
the 4.1 [nteraction Sheet is used instead, provide a copy to every student. Have students work in small groups for this 
activity, but instruct everyone to record observations. 

If digital cameras and/or video cameras are not available, have students do this activity by writing descriptions and/ 
or creating sketches. 


Materials 

Student science notebooks 

Pencils 

Air thermometers 

Copies of 4.1 Interaction Sheet (one per student; optional) 
Digital camera and/or video recorder (optional) 


Procedure 
1. Have students complete their science notebook headings and record questions they have during the activity. 
2. Have students create prompts in their science notebook based on their readings from Chapter 4 of Nature Unbound 


or hand out the 4.1 Interaction Sheet and allow time for students to add notes to the sheet from their student book. 
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3. In the schoolyard ecosystem: 

a. Explain the boundaries and time limit. 

b. Instruct students to: 
i. Find examples of organism interactions in the schoolyard ecosystem. 
ii. Take pictures and/or videos of the interactions they observe. 
iii. Write detailed descriptions of their observations to support their pictures and/or videos. 
iv. Sketch the observed interactions if cameras are not available. 
v. Develop and record in their science notebooks two questions about the interactions observed. 
vi. Summarize their observations. 


4, Have students create a PowerPoint or video that explains one or two of the organism interactions observed. This can 
be done as homework. 


5. Students may be assigned two specific interactions to present or choose two from their observations. 


6. Presentations must include: 

Pictures, sketches and/or videos of observed organism interactions. 

Explanation of at least two observed interactions. 

Ways the observed interactions might affect the growth, survival and/or reproduction of the organism. 
A brief discussion of whether Gause’s Law could be applied to their observed interactions. 

Examples of as many of the following interactions as possible: 

i. Predator/prey 

ii Mutualism 

iii, Commensalism 


oOo TP 


iv. Parasitism 

v. Indirect competition 

vi. Intraspecific competition 
vii. Interspecific competition 


Wrap up 

1. Discuss student findings and observations. 

2. List student questions. 

3. Discuss which of these can be made into testable questions. 

4. How could an experiment, further observation or a field study be created from these questions? 


5. Have students choose two observed species. 
a. Did they occupy the same niche? 
b. What might happen if they did? 


6. Why is Gause’s Law (competitive exclusion principle) considered a key idea of ecology? 


Assessment 
See Appendix 3: Scoring Guide for Oral Presentation on page 215. 


Extensions 
1. If there are cowbirds in the schoolyard ecosystem, have students observe cowbird behaviors. 


2. How do cowbird behaviors affect other bird species? 
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4.1 Interaction Sheet 


Directions: Find examples of organism interactions in the schoolyard ecosystem and record them in the 
appropriate boxes. 


Species involved Observation/proof | Adaptation observed | Adaptation observed 
in the interaction of this interaction that helps one that helps one 
organism exploit the | organism avoid 
other organism being exploited 
Predatory/prey 


Parasitism 


Species involved Observation/proof Adaptation observed 
in the interaction of the interaction that helps the organism 


_ pf 
_ Pf 


Interaction = Species involved in the interaction Observation/proof of the interaction 


Intraspecific 
competition 


Interspecific 
competition 
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Essential Activity 4.2 


Tree Inventory 


Estimated time 


(1) 50-minute class period 


Objectives 
Students will be able to: 
1. Explain how competition affects the growth, survival and reproduction of organisms. 


2. Explain how timber stand improvement reduces competition among trees. 


3. Describe the ways resource managers sample populations. 


Teacher Preparation 


Before foresters decide how to manage a forest, they need to know what is growing there. The process of gathering this 
information is called an inventory or timber cruise. During the inventory, the forester measures the diameter and height of the 
trees, records the kinds of trees, looks for signs of insects and disease problems and notes the types of wildlife habitat found. 

The information foresters gather about the forest helps them make decisions about care needed. By knowing the 
diameter and height of a tree, they can find its board foot volume. A board foot is the standard measure of lumber 
and is defined as a piece of wood 12 inches square and 1 inch thick. Knowing the board foot volume of a forest helps 
determine the need for a harvest. 

The diameter of a tree, rather than the circumference, is measured for board foot calculations. The diameter of 
a tree is always measured 4.5 feet above the ground. This is called diameter at breast height (DBH). A forester's tool, 
called a Biltmore stick, is commonly used to measure DBH. At first glance, it looks like a yardstick but the increments 
decrease in size as the tree diameter increases. The Biltmore stick is based upon the geometric principle of similar 
triangles. A hypsometer is used to measure the height of trees. The hypsometer is also based upon geometry. Usually, the 
Biltmore and hypsometer are placed on the same stick for easy use. 

Have students work in small groups to learn methods used by foresters to conduct tree inventories. Have students 
review Ecology in Action, “Timber Stand Improvement,” on page 44 of Nature Unbound. Ideally, students would 
sample a large wooded area; however, an area with trees >2 inches in diameter will suffice. 

Review with students the use of Biltmore (scale) sticks and the procedure for determining height of a tree. 

Note: These measurements will be in customary units because this is forestry measurement standards. 


Materials 

Student science notebooks 

Nature Unbound student book 

Pencils 

Air thermometer 

Tree field guides and/or tree identification guides 

Biltmore (scale) sticks or measuring tape 

Flagging tape to mark trees 

Copies of 4.2 Tree Sampling Procedures sheet (one per group) 

Copies of 4.2 Data Sheet A—Tree Observations (one per student; optional) 
Copies of 4.2 Data Sheet B—Plot Summary (one per student; optional) 
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Procedure 


1. 


2. 


Wr 
de 


Establish a plot using the 4.2 Tree Sampling Procedures Sheet or select 20 trees within the schoolyard ecosystem. 


Have students complete their science notebook headings. 


When students have determined their plot (or trees) have them begin taking and recording data starting with tree #1. 
They can use the data sheet provided or create their own data table. Data for each tree should include: 


a 


b. 
eS 
d. 


tree species 

DBH (diameter at breast height) in inches 

tree height (in feet) 

Other observations, including but not limited to: 
i. presence of snags (large dead limbs) 

ii. general health of tree 


Have groups compare and summarize their data for the plot including: 


hE a ae a 


most common species 
dominant species 
averageDBH 
maximumDBH 
maximum height 
number of snags 
general health of trees 


ap up 


How can the number of trees in the schoolyard ecosystem be determined? 


2. How many trees are in the schoolyard ecosystem? 

3. What is the dominant tree species? 

4, What was the largest tree? 

5. How healthy were the sampled trees? 

6. List the items students were curious about. 

7. Discuss which of these items can be made into testable questions. 

8. How could an experiment, observations or a field study be created from these questions? 
Assessment 


Check data sheets for completion and accuracy. 


128 


NATURE UNBOUND: THE IMPACT OF ECOLOGY ON MISSOURI AND THE WORLD 


Extensions 
1. Ifstudents have access to a forested area, have them determine the basal area and stand density 
(see MDC publication Forest Management for Missouri Landowners, pp. 94-96). 


2. Have students create an experiment or field study from one of the testable questions. 
3. Have students join Forestkeepers. Teachers can join Forestkeepers at no cost and have their students monitor the 
tree health in their schoolyard ecosystems. Student observation forms are available, and the recorded information 


becomes part of a database reflecting the condition of our trees and forests. For more information on Missouri 
Forestkeepers or to join, go to http://forestkeepers.org. 
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4.2 Tree Sampling Procedures Sheet 


Establish a Plot: 


1. Locate an area with at least 20 trees that are at least 2 inches in diameter, measured 4.5 feet from the ground. 


2. Record tree data for 20 trees, using flagging tape to mark trees already measured. 


DBH (diameter at breast height) in inches (DBH may be measured using a Biltmore stick or a tape measure): 


Using a Biltmore stick: 
1. Hold the stick horizontally against the trunk of the tree, 4.5 feet from the 
ground and 18 inches from your eyes. 


2. Look directly at the center of the tree. Without moving your head, shift your 
eyes to the left and line up the zero end of the stick with the outside edge of 
the tree. 


3. Without turning your head, look at the right side of the tree and read the 
number closest to where your line of sight crosses the stick. This is the tree's 
diameter in inches. 


4, Ifthe trunk does not have a uniform diameter, measure the diameter at both 
the widest and narrowest points and average the two. 


Using a tape measure: 
1. Measure 4.5 feet up from the ground on the tree. 


ss Estimatin 
Mii g 
diameter outside Diameter at 
Sel i Breast Height 
Skee (DBH) 


\ / Diameter 

| 7 reading on 

MU stick at line 
of sight 


Hold stick 
perpendicular 
to centerline 


2. Wrap the measuring tape around the tree at this height. This is the circumference. 


3. Divide the circumference by 3.14 to obtain the diameter. 

Tree height (in feet) 

1. Pace off 50 feet from the tree, as level as possible with its base. 
2. Find the top of the tree. 


3. Hold the hypsometer side of the stick 18 inches from your eye in a 
vertical position. 


4, Line up the zero end with the base of the trunk. 


Estimating 
Tree 
Height 


| 50 ft. | 


5. Without moving your head, shift your eyes to the treetop. Be sure the stick is vertical and not tilted. The point 


where your line of sight intersects the stick is the height of the tree in feet. 


Tree Health 


1. Look at the crown. Is it leafy throughout? If not, what percent of the crown is covered with foliage? 


2. Look at the limbs and trunk. Do they appear healthy? Are limbs dead or dying? Is there visible evidence of disease? 


What percent is healthy? 


3. Look at the leaves. Do they appear healthy or are they yellowing, damaged or diseased? If so, what percent is healthy? 


130 NATURE UNBOUND: THE IMPACT OF ECOLOGY ON MISSOURI AND THE WORLD 


4,2 Data Sheet A—Tree Observations 


Directions: Complete the data sheet for 20 trees. For each tree, identify the species. Using the Biltmore stick or 
measuring tape, determine the diameter at breast height (DBH) in inches. Determine the height, in feet. Count the 
number of snags (large dead limbs) on the tree. Look at the crown, leaves and trunk to determine the general health. 
See Tree Sampling Procedures Sheet for more specific directions. 


Location Weather 


Plot# Date 


L 
a 
a 
a 
= 
2 
Es 
om 
Ea 
Ed 
Ea 
EJ 
EJ 
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4.2 Data Sheet B—Plot Summary 


Directions: Complete 42 Data Sheet B using information gathered from your plot and recorded on 4.2 Data Sheet A. 
Location Weather 

Plot# Date 

Most common species (greatest number from the species list) 

Dominant species (tree species making up most of canopy) 

Average DBH (in inches) Maximum DBH (in inches) 

Maximum height (in feet) Number of 


Comments on general health of trees in the sample 


Summary/Conclusions of plot information 
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Lesson 4 


End of Chapter Assessment 


1. Fill in the missing items on the chart below. 


Typeofinteraction [Example [Outcome 


Cattle and cowbirds 


Flowering Plants 


Why are the three interactions in #1 above important? 


3. Define competition and give one example. 


4. How does competition affect the growth, survival and reproduction of the organisms involved? 


5. What would happen over time if two species occupied the exact same niche? 


6. Which is an example of an adaptation that helps organisms exploit other organisms? 
glossy leaves of some plants 

spines on a cactus 

long, silky fur 

keen eyesight 


ao TP 
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7. Give two examples of adaptations and explain how they help organisms avoid exploitation. 


8. ‘The competitive exclusion principle is called: 
a. Boyle’s Law 
b. Gause’s Law 
c. Darwin’s Law 
d. None of the above 


9. Timber stand improvement reduces competition by: 
a. removing unwanted trees 
b. reducing understory trees 
c. removing the largest trees 
d. all of the above 


10. The most effective way to reduce cowbird parasitism is to: 
remove cowbird eggs from host nests 

kill cowbirds 

keep large tracts of forests intact 

divide forests into smaller tracts 


PaO oe e 


11. Define niche. How do wetland managers manipulate wetlands to provide niche requirements for an array of species? 


12. Formulate a testable question and hypothesis concerning intraspecific or interspecific competition. (For instance, an 
example in the text was of plants in pots. Question: Which pot’s flowers will grow taller: the pot with fewer plants 
or the pot with more plants? Hypothesis: The pot with fewer plants will grow taller plants.) 


13. A landowner has 40 acres of forest land that is predominantly oak-hickory. Years of little or no management have 
left the area with an aging canopy of desirable species like oak and a less desirable understory with maple and ash. 
Oak seedlings require sunlight to successfully grow to canopy-sized trees and will not thrive in shade. There are few 
oak seedlings on the forest floor. As a resource forester, how would you manage the area to guarantee oaks survive 
and grow to replace the aging canopy? 
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Lesson 4 


End of Chapter Assessment Scoring Guide 


1. Fill in the missing items on the chart below. 
Answer: (3 points) 


Typeofinteraction [Example [Outcome 
Commensalism Cattle and cowbirds | Cowbirds benefit from following cattle to eat insects on and stirred 
up by cattle, but cattle are mostly unaffected from the interaction. 
Elk and grass Elk benefit from eating grass, but the grass is negatively impacted. 


Mutualism Lichens Lichen are two organisms, a fungus and algae; both species benefit. 
Flowering plants Pollinators such as hummingbirds, honeybees and butterflies would 
die without flowering plants. Without pollinators, flowering plants 
would suffer. 


2. Why are the three interactions in #1 above important? 
Answer: All three provide a benefit to at least one of the organisms. Mutualism maintains the most obvious balance 
in the ecosystem. Mutualism is important to the survival of both species involved. For example, when prey species 
disappear, predators soon decline. By keeping prey populations in check, predators help maintain balance in an 
ecosystem. (1 point) 


3. Define competition and give one example. 
Answer: Competition is an interaction that occurs when neither organism benefits from the interaction. This is 
the most common interaction in nature. Examples will vary but could include birds at your feeder, trees in a forest, 
organisms on a rotten log. (2 points) 


4, How does competition affect the growth, survival and reproduction of the organisms involved? 
Answer: When a greater number of organisms compete for the same amount of resources, the growth of each 
organism is diminished. When resources are scarce, competition for food or space can affect survival. Organisms 
may not get enough to eat and die. More time may be spent searching for limited resources in marginal habitats 
causing greater vulnerability to weather or predators. When resources are scarce, competition may cause a female to 
go hungry, reducing survival and reproductive ability. (2 points) 


5. What would happen over time if two species occupied the exact same niche? 
Answer: The competitive exclusion principle states that two species with identical niches cannot coexist over time. 
When two species compete for exactly the same resources, one will be more efficient than the other at gathering 
those resources. More efficient species will fill the niche with more of its offspring eventually leaving no resources 
for the less efficient species which will die off in time. (2 points) 


6. Which is an example of an adaptation that helps organisms exploit other organisms? 
a. glossy leaves of some plants 
b. spines on a cactus 
c. long, silky fur 
d. keen eyesight 
Answer: d (1 point) 


NATURE UNBOUND: THE IMPACT OF ECOLOGY ON MISSOURI AND THE WORLD 135 


vf 


10. 


11. 


12. 


13. 
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Give two examples of adaptations and explain how they help organisms avoid exploitation. 

Answers may vary: Prey species may avoid detection or evade capture by use of blending coloration, warning 
coloration, Batesian mimicry or Mullerian mimicry. Many prey species use speed to avoid capture; slower prey 
species have shells or bony plates to protect them from attack. Living in herds, flocks or schools protects some prey 
species by having more eyes to detect danger. Some prey species use confusion or scare tactics to avoid predation; 
some use toxic chemicals to discourage predators. Some plants use structures such as thorns or spikes to defend 
against herbivores; other plants may employ chemicals. (2 points) 


The competitive exclusion principle is called: 
Boyle’s Law 

Gause’s Law 

Darwin's Law 

. None of the above. 

Answer: b (1 point) 
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Timber stand improvement reduces competition by: 
a. removing unwanted trees 
b. reducing understory trees 
c. removing the largest trees 


d. all of the above 


Answer: a (1 point) 


The most effective way to reduce cowbird parasitism is to: 
a. remove cowbird eggs from host nests 

b. kill cowbirds 

c. keep large tracts of forests intact 

d. divide forests into smaller tracts 

Answer: c (1 point) 


Define niche. How do wetland managers manipulate wetlands to provide niche requirements for an array of species? 
Answer: Niche is the range of environmental conditions that a species can tolerate, what the species needs to grow, 
survive and reproduce, and how the species interacts with its biotic and abiotic environment. Resource managers 
manipulate how deep, how long and when wetland pools flood. Through manipulation of water flow, niche 
requirements of a vast array of species are met throughout the year. (3 points) 


Formulate a testable question and hypothesis concerning intraspecific or interspecific competition. (For instance, an 
example in the text was of plants in pots. Question: Which pot’s flowers will grow taller: the pot with fewer plants 
or the pot with more plants? Hypothesis: The pot with fewer plants will grow taller plants.) 

Answers will vary. (2 points) 


A landowner has 40 acres of forest land that is predominantly oak-hickory. Years of little or no management have 

left the area with an aging overstory of desirable species like oak and a less desirable understory with maple and ash. 

Oak seedlings require sunlight to successfully grow to canopy-sized trees and will not thrive in shade. There are few 

oak seedlings on the forest floor. As a resource forester, how would you manage the area to guarantee oaks survive 

and grow to replace the aging overstory? 

Answer: The forester would take the following steps: 

1. Remove the current understory of undesirable species with TSI. 

2. Selectively cut the overstory to create openings of sunlight for oak seedlings to grow. 

3. Sow acorns or plant seedlings if natural regeneration of oaks will not occur. In this way, the oaks (sun loving 
species) would be favored and regenerate to create a new oak forest. (4 points) 
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Lesson 5: Extinction: Causes and Consequences 


Estimated time 


(4) 50-minute class periods for the activities 


Science CLEs 


EC.1.A.a 


EC.1.C.a. 


EC.1.C.b. 


EC.1.D.a. 


EC.1.D.b. 


EC.3.C.d. 


IN.1.A.a. 


IN.1.A.b. 


IN.1.A.c. 


IN.1.A.d. 


IN.1.B.c. 


IN.1.C.a. 


IN.1.C.b. 


IN.1.D.a. 


Explain the nature of interactions between organisms in predator/prey relationships and different symbiotic 
relationships (i.e., mutualism, commensalism, parasitism) 


Devise a multi-step plan to restore the stability and/or biodiversity of an ecosystem when given a scenario 
describing the possible adverse effects of human interactions with that ecosystem (e.g., destruction caused 
by direct harvesting, pollution, atmospheric changes) 

Predict and explain how natural or human caused changes (biological, chemical and/or physical) in one 
ecosystem may affect other ecosystems due to natural mechanisms (e.g., global wind patterns, water cycle, 
ocean currents) 

Predict the impact (beneficial or harmful) a natural or human caused environmental event (e.g., forest fire, 
flood, voleante-eruption,avatanche, acid rain, global warming, pollution, deforestation, introduction of an 
exotic species) may have on the diversity of different species in an ecosystem 


Describe possible causes of extinction of a population 


Given a scenario describing an environmental change on a community, hypothesize why a given species was 
unable to survive 


Formulate testable questions and hypotheses 


Analyzing an experiment, identify the components (i.e., independent variable, dependent variables, control 
of constants, multiple trials) and explain their importance to the design of a valid experiment 


Design and conduct a valid experiment 


Recognize it is not always possible, for practical or ethical reasons, to control some conditions (e.g., when 
sampling or testing humans, when observing animal behaviors in nature) 


Determine the appropriate tools and techniques to collect, analyze, and interpret data 
Use quantitative and qualitative data as support for reasonable explanations (conclusions) 


Analyze experimental data to determine patterns, relationships, perspectives, and credibility of explanations 
(e.g., predict/extrapolate data, explain the relationship between the independent and dependent variable) 


Communicate the procedures and results of investigations and explanations through oral presentations, 
drawings and maps, data tables (allowing for the recording and analysis of data relevant to the experiment 
such as independent and dependent variables, multiple trials, beginning and ending times or temperatures, 
derived quantities), graphs (bar, single, and multiple line), equations and writings 
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Vocabulary 


Extinction Introduced 
Extirpation Invasive 

Natural (background) extinction Population sinks 
Mass extinction Generalists 
Endangered Specialists 
Fragmentation Inbreeding 
Exotic Allee effect 
Non-native 


regalia 


Differentiate between extinct, extirpated and endangered. 
2. Compare and contrast the causes of previous mass extinctions with those of modern-day. 
3. Identify human activities that threaten species with extinction. 
4, Describe traits that increase a species’ risk of extinction. 
5. Explain how the extinction of a species affects other species, including humans. 
6. Given a scenario describing an environmental change, predict the effect on the biological community. 
aga Management Objectives 
Explain why grassland bird populations are declining at an alarming rate. 
2. Explain what resource managers are doing to increase grassland bird populations. 
3. Describe the threat posed by invasive species. 
4, Explain the strategies resource managers use to slow the spread of invasive species. 


Essential Questions 


1. Why do species become extinct? 


Teacher Notes 


Students should read Nature Unbound Chapter 5 before beginning Lesson 5 activities. 
The essential activities for this lesson require approximately two to three class periods each. If research is done as 
homework, activities will only require two class periods each. 


Outline of Answers to Objectives 
See page 140. 
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Essential Activities 
Essential Activity 5.1—What Would (Should) You Do? 
Essential Activity 5.2—Risks of Extinction 


Optional Activities 


Optional Activity 5A—Invasive Invasions 
Optional Activity 5B—Species of Conservation Concern 


End of Chapter Assessment 


Lesson 5 Questions and Answer Key 


Summary 


Extinction is part of nature. 


¢ There have been at least five mass extinctions in the past, and humans are likely causing a sixth. 


e Extinctions occur when species fail to adapt to changing ecological conditions. 
¢ Some species are more prone to extinction than others. 
e Extinction has consequences. 
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Outline of Answers to Objectives 

1. Differentiate between extinct, extirpated and endangered. (Nature Unbound pp. 57, 58 & 60) 
a. Extinction is the complete elimination of an entire species. 
b. Extirpation is when a species disappears from one location but survives in another. 
c. Endangered is when a species is at risk of going extinct in the near future. 


2. Compare and contrast the causes of previous mass extinctions with those of modern-day. (pp. 59-61) 
a. Likely causes of previous mass extinctions include the following abiotic forces: falling sea levels, climate change, 
asteroid collisions, shifting continents or volcanic eruptions. 
b. Extinctions of today are more likely a result of biotic forces—specifically, human actions. 


3. Identify human activities that threaten species with extinction. (pp. 60-61) 
a. Destruction of habitat and fragmentation 
b. Introduction of non-native species 
c. Over-harvesting a population 
d. Burning fossil fuels contributes to climate change 


4. Describe traits that increase a species’ risk of extinction. (p. 65) 
a. Specialized niche 
b. Small population size 
i. Inbreeding 
ii. Allee effect 
c. Restricted geographic range 


5. Explain how the extinction of a species affects other species, including humans. (p. 66) 
Saving species from extinction is a moral issue for many people. 

Species provide economic benefits. 

Species provide recreational opportunities. 

Species maintain balance within the community. 
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6. Given a scenario describing an environmental change, predict the effect on the biological community. (p. 67) 
a. Ifa keystone predator is extirpated, prey populations can skyrocket which will affect other organisms within 
the community. 
b. When one species is extirpated and other species have similar niches and roles, there may be little effect on 
the community. 
c. However, if too many species become extinct or extirpated, other species that rely on them may also disappear. 
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—— Management Objectives 


. Explain why grassland bird populations are declining at an alarming rate. (p. 64) 
a. ‘There are declines due to 

i. loss of North American grassland habitat and grassland plant diversity 

ii. increased use of herbicide and pesticide 

iii. feral animals 

iv. loss of wintering habitat in Central and South America 


2. Explain what resource managers are doing to increase grassland bird populations. (p. 64) 
a. Resource managers are increasing grassland bird populations by 
i. restoring native prairies 
ii. encouraging farmers to leave weedy borders around the edges of fields 
iii. encouraging farmers to convert pastures to native grasses 
iv. creating natural disturbances by mowing, disking and setting prescribed fires 


3. Describe the threat posed by invasive species. (p. 62) 
a. ‘Threats posed by invasive species include 
i. Non-native invasive species grow quickly, reproduce often and bear many offspring. 
ii. Limiting factors may not be present to control their populations. 
iii. Native species are often displaced or go extinct, disrupting the existing ecosystem. 
iv. They can damage agricultural crops and spread disease to native and domesticated plants and animals. 


4, Explain the strategies resource managers use to slow the spread of invasive species. (pp. 62-63) 
a. Resource managers are working to slow the spread of invasives by 
i. eradicating non-native vegetation by using a combination of burning, mowing and herbicide 
ii. surveying areas to detect outbreaks of invasive species such as emerald ash borer and setting up quarantines 
for infested areas 
iii. encouraging boaters to use hot water to wash boats, motors and trailers and to let them dry in the sun for 
five days to kill attached zebra mussels 
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Essential Activity 5.1 


What Would (Should) You Do? 


Estimated time 


(1) 50-minute class 


Objectives 
Students will be able to: 
1. Identify human activities that threaten species with extinction. 


2. Explain how environmental factors (habitat loss, climate change, pollution, introduction of invasive species) can be 
agents of natural selection. 


3. Given a scenario describing a natural environmental change or human activity that adversely affects an ecosystem, 
describe its impact on biodiversity and hypothesize why a given species may or may not survive. 


4, Describe the threat posed by invasive species and strategies resource managers use to slow their spread. 


Teacher Preparation 


Students will analyze possible human influences on the status of species found in the schoolyard ecosystem. Have 
students work individually or in small groups to collect data in the schoolyard ecosystem. If the schoolyard ecosystem is 
large, students could be assigned predetermined study areas. (See Essential Activity 1.1.) 

At the end of this activity and during the discussion of possible solutions to negative human influences on species 
found in the schoolyard ecosystem, students should include some realistic solutions that they could accomplish. Have 
students discuss what they can do to make a difference. 


Materials 

Student science notebooks 

Pencils 

Nature Unbound student book (Figure 5.4 on p. 66) 
Copies of 5.1 Schoolyard Ecosystem Chart (optional) 


Procedure 
Part 1 
1. Have students complete their science notebook headings. 


2. Inclass, discuss the consequences of human activity in Missouri. 


3. Create a Human Influences List including but not limited to: 
a. Pollution (acid rain, toxins, bacterial contamination, nutrient build up, trash, etc.) 
b. Habitat destruction, alteration, deforestation, fragmentation, homogenization 
c. Over harvest of resources 
d. Exploding urbanization 
e. Human affluence (Wore: As affluence increases, there is an increase in the per capita resource use.) 
f. Introduction of exotic invasive species 
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4, Have students discuss positive influences and add them to their list. Include restoration of habitat if students do not 
include it. 


Part 2 
5. Have students copy the Human Influences List into their science notebooks. 


6. In the schoolyard ecosystem, have students work individually or in small groups. 


7. Students should list the species they observe and refer to the data collected in Essential Activity 1.1. 
a. Do they see the same species? Why or why not? 


8. Students should create a chart similar to Figure 5.4 on page 66 of Nature Unbound or use the 5.1 Schoolyard 
Ecosystem Chart: 
a. List species observed. 
b. Make best “guesses” as to whether each species would be at risk due to their traits: 
i. generalist vs. specialist 
ii. large population vs. small population 
iii. extensive range vs. restrictive range 
c. List human influences observed and the species affected by each. 
d. Include any invasive species observed. 


9. Have each student or group report their findings from the schoolyard activity. 


10. Have students list all human influences observed in the schoolyard ecosystem and compare and contrast human 
influences observed. For each negative human influence listed, have students discuss solutions and decide which 
of the suggested solutions they could actually accomplish. Prompt students to understand that solutions may be 
positive (or negative) influences on an environment. If a species found in the schoolyard ecosystem is considered an 
invasive, have students place a check in the last column. 


Wrap up 
1. Predict how schoolyard ecosystem species might be affected: 
a. Ifthe school area was improperly sprayed with an insecticide. 
b. Ifa particular herbicide that acts as an Endocrine Disruptive Compound (disrupting hormonal balances) is 
used to control weeds in crop fields adjacent to an aquatic ecosystem. 
i. How might this affect species of fish and amphibians found in the local aquatic ecosystem? 
ii What are the long-term effects on these species? 
iii. What could you as a member of the community do to alleviate this problem? 


2. Bush honeysuckle is an invasive species brought to the United States from Asia as a benefit for wildlife. Since its 
introduction, it has aggressively colonized in most of Missouri. It competes for light and space with native species, 
thus reducing biodiversity. 

a. If left unchecked, what effects might bush honeysuckle have on the environment? 
b. What might be the effect: 

i. If the area were improperly sprayed with an herbicide? 

ii. Ifan Asian herbivore that eats bush honeysuckle were introduced into the environment? 
c. What are other possible solutions to this problem? 


3. Compare extinctions today to mass extinctions in the past. Which of the five mass extinctions in the past is most 
like today’s rate of extinction? 
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Assessment 


1. Incorporate informal teacher assessment during class discussion and small group interactions. 
2. Check for completion and accuracy of 5.1 Schoolyard Ecosystem Chart. 

Extensions 

1. Forma Stream Team. Visit http://www.mostreamteam.org/. 

2. Have a No MOre Trash pick-up day. Visit http://extra.mdc.mo.gov/nomoretrash/. 


3. Have students research Missouri endangered, threatened and extirpated species and the Endangered Species Act. 
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5.1 Schoolyard Ecosystem Chart 


Species At risk? | Potentially "Risky" Traits Human Influences observed | Invasive Species 
Yes/No (Match with affected species.) mA 
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Essential Activity 5.2 


Risks of Extinction 


Estimated time 


(2-3) 50-minute class periods 
(Time will vary depending on amount of research done outside of class.) 


Objectives 
Students will be able to: 
1. Describe traits that increase a species’ risk of extinction. 


2. Explain how the extinction of a species affects other species, including humans. 


3. Explain why grassland bird populations are declining at an alarming rate and what resource managers are doing to 
increase grassland bird populations. 


4, Form a testable question and hypothesis. 


5. Analyze an experiment and identify the components. 


Teacher Preparation 

For this activity, students should refer to Chapter 5 of Nature Unbound, pages 64-67, and review “Ecology in Action— 
Giving Bobwhite Reproduction a Boost” on page 16. Have students work independently or in small groups. Students 
can access information on bobwhite quail, greater prairie-chickens and wild turkey at www.mdc.mo.gov. Internet 
searches will provide other useful links. 


Materials 

Student science notebooks 
Pencils 

Nature Unbound student book 


Procedure 
Part 1 
1. Have students research bobwhite quail, greater prairie-chickens and wild turkey in Missouri. 


2. From this research, have students predict which bird species will have a better survival rate over a ten-year period. 
3. Students should: 
a. create data tables of population numbers for bobwhite quail, greater prairie-chickens and wild turkey 


b. use data tables to construct multi-line graphs 
c. interpret the data 
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4, The following questions should be used as prompts in student science notebooks: 


a. Was their prediction correct? Why or why not? 

b. Which species has a larger population? Why? 

c. Which species’ population is increasing? Why? 

d. Which species’ population is decreasing? Why? 

e. Is any species in danger of extinction? Explain. 

f. How might each species’ niche, population and range affect its population numbers? 

g. Where would students place these species in Figure 5.4 on page 66 of Nature Unbound? 

h. How might other populations (coyote, bobcat, grasshoppers, various plants, etc.) be affected by fluctuating 
populations of wild turkey, bobwhite quail and greater-prairie chickens? 

i. How might people affect the populations of wild turkey, bobwhite quail and greater prairie-chickens? 

j. Have students research current methods used by MDC to manage and/or restore populations of wild turkey, 
bobwhite quail and greater prairie-chickens. 

Part 2 


1. Have students form a hypothesis concerning factors other than habitat that could cause the decline in population 
size of wild turkey, bobwhite quail or greater prairie-chickens. 


2. Have students identify the independent and dependent variable. 

3. Have students write a multi-step procedure for testing their hypothesis including at least three essential steps needed 
to conduct a valid experiment. Experiments should be written in such a way that other researchers (students) could 
reproduce it. 

4, Have students create a data table to record findings. 

Wrap up 

1. Discuss student findings and experiments. 

2. What other species could be investigated? 


Assessment 
Refer to Appendix 1: Scoring Guide for Data Sheets on page 213. 


Extensions 


1. Have students research species mentioned in the wrap up discussions. 


2. Have students review a management plan. 
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Optional Activity 5A 


Invasive Invasions 


Estimated time 


(2) 50-minute class periods 


Objectives 
Students will be able to: 
1. Describe the threat posed by invasive species and identify strategies resource managers use to slow their spread. 


2. Determine the appropriate tools and techniques to collect, analyze and interpret data. 


Teacher Preparation 
Students will monitor an area of the schoolyard ecosystem for invasive species using official emerald ash borer traps 
(contact the MDC Invasive Species Coordinator for information on obtaining these traps) and/or experimental 
traps designed by students. If students should discover one of the invasive species listed below trapped in one of the 
traps, they should submit their discovery to the appropriate agency and become part of statewide, national and/or 
international data collection. 

At the same time, students will research the movement of an invasive species from one area (in Missouri/in 
North America/in the world) to another. Have students work in small groups, choose one of the invasive species listed 
below, plot its appearances on the appropriate map, predict the location of its next appearance, defend the prediction, 
hypothesize why this species appears where and when it does and offer a management suggestion to control the spread 
of this species. 

Through their research, students should understand that these invasive species are transported by humans on 
their boats (zebra mussels), on waders and fishing equipment (Didymo) and in their firewood (most of the rest). These 
species hitchhike their way across the country. The spread of these can be slowed if people cleaned boats and all fishing 
equipment and gear carefully between bodies of water and burned their firewood where it was cut. Students may follow 
the results of the University of Missouri Japanese beetle trapping and monitoring program at http://ppp.missouri.edu/ 
pestmonitoring/jb/index.cfm. Students may also reference www.dontmovefirewood.org and www.mdc.mo.gov 
for research. 


Invasive Species 
Asian longhorn beetle 
Didymo 
Emerald ash borer 
Gypsy moth 
Japanese beetle 
Walnut twig beetle 
Zebra mussel 
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Materials 


Student science notebooks 


Pencils 


Air thermometers 

Emerald ash borer trap 
Materials for student-made traps 
Emerald ash borer detection kit 
Insect field guides 


Maps 


Loupes/magnifiers 


Forceps 


Collection jars 
Insect collection materials (optional) 


Procedure 


Part 1 


1. Have students work in their groups and choose one of the following invasive species: 


mmeangee 


Asian longhorn beetle 
Didymo 

Emerald ash borer 
Gypsy moth 

Japanese beetle 
Walnut twig beetle 
Zebra mussel 


2. Groups should: 
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Cite link(s) used for research on their chosen invasive species. 

Plot the appearances of their chosen invasive species on the appropriate map. 
Predict the location of the species’ next appearance and defend the prediction. 
Hypothesize why this species appears where and when it does. 

Offer a management suggestion to control the spread of this species. 


3. Have groups present their maps, predictions, hypotheses and management suggestions. 


4, Groups should be prepared to defend their predictions and management suggestions. 


Part 2 


1. Have students review the natural history of the emerald ash borer, gypsy moth, Japanese beetle, walnut twig beetle 
and Asian longhorn beetle. 


2. Have students work in small groups. Each group should: 


as 


b. 


Cc. 


d. 


Choose one of the invasive species mentioned in Part 2 #1. 

Devise, create and label an experimental sticky trap for that species to be monitored by the group and/or label 
an official emerald ash borer trap. 

Place the trap or traps in the schoolyard ecosystem. 

Create a graphic organizer with the information listed in 6b on next page specific to each trap. 


4, Each group will monitor its own trap(s). 


5. Students should decide where the trap(s) should be placed. 
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6. Working in small groups and organizing a monitoring schedule, students should: 

a. Check the trap(s) at least once a day but more frequently, if possible. 

b. Create one graphic organizer maintained by all groups that includes the following for each monitoring session: 
i. Date 
ii. Time of day 
iii. Temperature 
iv. Weather conditions 
v. Common and scientific name of each species trapped 
vi. Number of each species trapped 


7. At least once a week, have students discuss results from the monitoring of group traps: 

a. What species of insects were trapped in group traps? 

b. Compare and contrast the species trapped in each. 
i. Which traps contained the greater number of insects, the greater variety of species, etc. 
ii. Were certain species drawn to certain traps? Explain. 
iii. Were there characteristics (color, smell, shape, size, attractants, etc.) that affected the number of insects/ 

species trapped? Explain. 

c. Ifthe species trapped were invasive species, what strategies might a resource manager use to slow their spread 

based on student findings? 


Wrap up 


1. What caused the movement of each invasive species used in this activity? List these on the board. 


2. What are the basic message(s) that might help people slow the spread of these invasive species? 


Assessment 
Refer to Scoring Guide for Optional Activity 5A. 


Extensions 


1. Plot the movement of an invasive plant species on a Missouri map. 


2. Act asa marketing firm hired by the Missouri Department of Conservation to create a marketing campaign to help 
Missourians understand the harm caused by emerald ash borers, Didymo or zebra mussels and to teach Missourians 
what they can do to stop the spread of the species. Some potential marketing pieces might be a slogan, billboard 
design, public service announcement, television advertisement, YouTube segments, short jingle/song, etc. Present 
one or more pieces of each marketing campaign to the class and/or to middle and/or elementary school classes. 
Presentations could ultimately become part of the solution. 


3. Begin a classroom insect collection. Insects found in traps could be identified, labeled and mounted in classroom 
collections. This activity could be ongoing and/or continue as long as there is student interest and insect activity. 
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Scoring Guide for Optional Activity 5A 


Graphic organizer (4 points) 

¢ 1 point for date, time of day and temperature 

* 1 point for weather conditions 

¢ 1 point for the common and scientific name of each species trapped 
¢ 1 point for the number of each species trapped 


Map (1 point) 
¢ Check for accuracy. 


Predictions (1 point) 
¢ Predictions are defended and supported by data. 


Hypothesis (3 points) 


¢ The student correctly provides any reasonable hypothesis based on the testable question or statement of a problem 


that predicts an effect, or the lack of effect, of the independent variable on the dependent variable. 


Management plan (3 points) 
¢ Plan includes multi-step procedures toward achieving the goal. 


Oral presentation (1 point) 
¢ The student presents information orally with little difficulty. 
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Optional Activity 5B 


Species of Conservation Concern 


Estimated time 


(2) 50-minute class periods 


Objectives 
Students will be able to: 
1. Differentiate between extinction, extirpation, threatened, endangered and functionally extinct. 


2. Identify and analyze how current theories on extinction compare and challenge older theories. 


3. Identify species that have gone extinct or are at risk of extinction and the reasons for their possible extinction (pallid 
sturgeon, prairie-chicken, hellbenders). 


4, Explain why specialists are more likely to go extinct than generalists. 


Teacher Preparation 

In this activity, students will work in small groups to research Missouri species that have become extinct, extirpated or 
are of conservation concern. To find information about species in Missouri that fit these categories, have groups search 
http:/Awww.mdc.mo. Groups will create and present a poster or a brochure on their research. This activity can be done 
during class time or as homework. 


Materials 
Missouri Species and Communities of Conservation Concern 
(brochure or on Web at http://mdc.mo.gov/sites/default/files/resources/2010/04/4070_6135.pdf ) 
Missouri Plants of Conservation Concern 
(brochure or on Web at http://mdc.mo.gov/sites/default/files/resources/2010/04/4069_1692.pdf ) 
Missouri Animals of Conservation Concern 
(brochure or on Web at http://mdc.mo.gov/sites/default/files/resources/2010/04/4068_1693.pdf ) 
Information on Japanese beetle monitoring is found at 
http://ppp.missouri.edu/pestmonitoring/jb/index.cfm 
Information on hellbenders, greater prairie-chickens and wolves is found at 
www.mdc.mo.gov 
Poster board 
Glue 
Markers 
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Procedure 

Part 1 Research 

1. In small groups, have students research a species of their choice listed in Missouri Species and Communities of 
Conservation Concern. 


2. Groups should prepare a poster or brochure which includes: 
¢ Name—common and scientific (Genus species) 
¢ Current status (state, federal, global) 
¢ Description (include a written description as well as one or more pictures) 
¢ Background (habitat, niche description, specialist/generalist, etc.) 
¢ Major cause(s) of status 
¢ Current steps to assist the species in recovery locally, federally (as mandated by the Endangered Species Act) 
and globally, as applicable 
Note: Some species may be endangered in Missouri but not anywhere else. Presentation may be limited to a species of 
local concern. 


Part 2 Presentations 
1. Have groups present their posters. 


2. As each group presents, discuss management techniques that are being used to assist the species in recovery and the 
pros and cons of these techniques. 


Wrap up 


1. Display group posters and brochures to promote future discussions. 


Assessment 
1. SeeScoring Guide for Posters for Optional Activity 5B 


2. SeeAppendix 3: Scoring Guide for Oral Presentation on page 215. 
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Scoring Guide for Posters for Optional Activity 5B 


Endangered Species of Missouri Poster 
eS he ee 


Common AND scientific names Common name of an endangered | None provided 
(Genus and species) are included. species is identified. 


Current Status State AND federal endangered status | State or federal status is None identified 
is identified. identified. 


Description Written description AND a picture is | Description of species is provided | None provided 
provided. but does not include any picture. 


Background Both habitat AND niche descriptions | A habitat description or niche None provided 

are provided. description is provided. 
Major Cause(s) of A complete description of the major | A partial description of the None provided 
Endangerment cause(s) that placed this species on the | major cause(s) that placed this 

endangered list is provided. species on the endangered list is 

provided. 

Steps toward A complete description of the steps A partial or incomplete None provided 
Recovery that are being taken on many levels _| description of the step(s) currently 

that may lead to recovery of the being taken to allow for recovery 

species is provided. is provided. 
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Lesson 5 


End of Chapter Assessment 


1. How are the terms extinct, extirpated and endangered different? How are they similar? Define and give examples 
for each term. 


2. Which statement explains why Carolina parakeets became extinct? 
a. ‘The species is extirpated from Missouri due to habitat loss. 
b. ‘The rising sea level caused the species to become extinct. 
c. Lewis & Clark overharvested the species while on the Corps of Discovery mission. 
d. Hunters shot the birds in large flocks and settlers overtook their habitat. 


3. Compare and contrast the cause of previous mass extinctions with those of modern-day. 


4, What are four possible causes of modern-day extinction of a species? What, if any, steps are being taken to reduce 
the impact of these causes? 


5. How can the niche, population and range requirements of a species affect its ability to survive? 
6. ‘True or False. The extinction of a species affects other species, including humans. Explain your answer. 


7. Which of the following actions might resource managers do in an attempt to restore habitat for grassland birds? 
a. Plant non-native vegetation. 
b. Encourage farmers to leave weedy borders around crop fields. 
c. Plana prescribed fire. 
d. Both bandc 
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8. Non-native species such as the emerald ash borer, zebra mussel and sericea lespedeza spread rapidly and harm native 
species. List 3 strategies resource managers can utilize to control the spread of these invasive species. 


9. Using information in the paragraph below, identify a testable question, hypothesis, independent variable and 
dependent variable. 


You have heard that prescribed fire is a management tool that increases biodiversity and you have 
noticed that agencies responsible for natural resource management use prescribed fires on their areas. 
You decide to conduct an experiment on your family’s property, which includes a restored prairie. You 
conduct a survey on the entire prairie—identifying all plants, counting the number of species of plants 
(species richness) and estimating the number of individuals of each species (relative abundance). Then, 
you divide the prairie in half. On one half of the property, you plan and conduct periodic prescribed 
burns while on the other half you conduct no burns. After 10 years, you conduct a survey again, 
measuring species richness and relative abundance on each half. You compare the results of the burned 
half with the results of the non-burned half. 


Testable question 


Hypothesis 


Independent variable 


Dependent variable 
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Lesson 5 


End of Chapter Assessment Scoring Guide 


1. How are the terms extinct, extirpated and endangered different? How are they similar? Define and give examples 
for each term. 
Answer: 
Difference: Each term indicates the magnitude of loss. 
Similarity: All terms indicate a decrease in the population of a species within an area. 


Extinction is the complete elimination of an entire species. 
Extirpation is when a species disappears from one location but survives in another. 
Endangered is when a species is at risk of going extinct. 


Examples of extinct species include Carolina parakeet, passenger pigeon, woolly mammoth and dinosaurs. 
Examples of extirpated species in Missouri include wolves, bison and mountain lion. 

Examples of endangered species in Missouri include lake sturgeon, Mead’s milkweed, Western chicken turtle, 
Hine’s emerald dragonfly, and greater prairie-chicken (8 points) 


2. Which statement explains why Carolina parakeets became extinct? 
a. ‘The species is extirpated from Missouri due to habitat loss. 
b. ‘The rising sea level caused the species to become extinct. 
c. Lewis & Clark overharvested the species while on the Corps of Discovery mission. 
d. Hunters shot the birds in large flocks and settlers overtook their habitat. 
Answer: d (1 point) 


3. Compare and contrast the cause of previous mass extinctions with those of modern-day. 
Answer: Likely causes of previous mass extinctions include abiotic forces such as asteroid collisions, shifting 
continents, changes in sea levels, climate change or volcanic eruptions. Extinctions of today are more likely a result 
of biotic forces—specifically, human behaviors. (4 points) 


4, What are four possible causes of modern-day extinction of a species? What, if any, steps are being taken to reduce 
the impact of these causes? 
Answer: Habitat destruction, competition with invasive species, overexploitation and climate change. Steps to 
reduce the impact might include the following: restoring native plants, paying farmers to leave weedy borders 
around fields, prescribed burning, applying herbicides, changing hunting seasons and regulations, developing new 
fuels, educating the public, conducting field research. (5 points) 


5. How can the niche, population and range requirements of a species affect its ability to survive? 
Answer: Generalists, like deer, can survive in a wide range of environmental conditions and range of habitats, while 
specialists such as the Indiana bat can only survive in a few specific habitats and narrow range of environmental 
conditions. A large population of a species is less likely to be wiped out by disease than a species with a small 
population. Smaller populations also have less genetic variation and are less likely to find mates and group together 
for defense. Species that require a large geographic range have a greater buffer against environmental change than 
species that occupy a more restrictive geographic range. (2 points) 


6. ‘True or False. The extinction of a species affects other species, including humans. Explain your answer. 
Answer: True. Species maintain balance within biological communities by keeping other populations in check 
through competition, exploitation and mutualism. If too many species go extinct or are extirpated from a 
community, it isn't long before the community crashes. (1 point) 
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7. Which of the following actions might resource managers do in an attempt to restore habitat for grassland birds? 
a. Plant non-native vegetation. 
b. Encourage farmers to leave weedy borders around crop fields. 
c. Plana prescribed fire. 
d. Both bandc 


Answer: d (1 point) 


8. Non-native species such as the emerald ash borer, zebra mussel and sericea lespedeza spread rapidly and harm native 

species. List 3 strategies resource managers can utilize to control the spread of these invasive species. 

Answer: 

a. When outbreaks of the emerald ash borer are discovered, area quarantines are established. 

b. Resource managers can work to limit the spread of zebra mussels by encouraging boaters to use hot water to 
clean boats, motors and trailers and to let them dry in the sun for 5 days. 

c. Eradication of sericea lespedeza requires repeated treatments of a combination of burning, mowing and 
herbicide application. (3 points) 


9. Using information in the paragraph below, identify a testable question, hypothesis, independent variable and 
dependent variable. 


You have heard that prescribed fire is a management tool that increases biodiversity and you have 
noticed that agencies responsible for natural resource management use prescribed fires on their areas. 
You decide to conduct an experiment on your family’s property, which includes a restored prairie. You 
conduct a survey on the entire prairie—identifying all plants, counting the number of species of plants 
(species richness) and estimating the number of individuals of each species (relative abundance). Then, 
you divide the prairie in half. On one half of the property, you plan and conduct periodic prescribed 
burns while on the other half you conduct no burns. After 10 years, you conduct a survey again, 
measuring species richness and relative abundance on each half. You compare the results of the burned 
half with the results of the non-burned half. 


Answer: 

Testable question: Do prairie plants respond to prescribed burns? 

Hypothesis: Prescribed fire increases species richness and relative abundance of plants on a restored prairie. 
Independent variable: Whether or not half of the prairie is burned 


Dependent variable: How prairie plant species and abundance changed in relation to the presence or absence 
of prescribed burns 


(4 points) 
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Lesson 6: Exploring the Nature of Energy Flow 


Estimated time 


(1-2) 50-minute class periods 


Science CLEs 


ME.1.I1.a. 


ME.2.A. 


ME.2.F.a. 


EC.2.A. 


EC.2.A.a. 


EC.2.A.b. 


EC.2.Acc. 


EC.2.B.b 


IN.1.A.a. 


IN.1.D.a. 


Compare the mass of the reactants to the mass of the products in a chemical reaction or physical change 
(e.g., biochemical processes, carbon dioxide-oxygen cycle, nitrogen cycle, decomposition and synthesis 
reactions involved in a food web) as support for the Law of Conservation of Mass 


Forms of energy have a source, a means of transfer (work and heat) and a receiver 


> U 


2 a5 are 
while the total amount of energy 


asstty -cittere Ways ey Pl Sry Cals at; S a 
amd describe the transfer of energy as it changes from kinetic to potential, 
remains constant within a system (e.g., biochemical processes, carbon dioxide-oxygen cycle, nitrogen cycle, 


food web) 


As energy flows through the ecosystem, all organisms capture a portion of that energy and transform it to a 
form they can use 


Illustrate and describe the flow of energy within a food web 

Explain why there are generally more producers than consumers in an energy pyramid 
Predict how the use and flow of energy will be altered due to changes in a food web 

Explain the importance of the recycling of nitrogen, oxygen, and carbon within an ecosystem 
Formulate testable questions and hypotheses 


Communicate the procedures and results of investigations and explanations through: 

¢ Oral presentations 

¢ Drawings and maps 

e Data tables (allowing for the recording and analysis of data relevant to the experiment such as 
independent and dependent variables, multiple trials, beginning and ending times or temperatures, 
derived quantities) 

¢ Graphs (bar, single and multiple line) 

¢ Equations and writings 


Vocabulary 


Energy 


Food chains 


Kinetic energy Slot length limit 
Potential energy Food web 
Photosynthesis Detritivores 
Primary production Decomposers 
Cellular respiration Keystone species 


Producers 
Energy flow 
Consumers 


Trophic level 
Energy pyramids 
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Objectives 
1. 


Define energy and distinguish between kinetic and potential. 


2. Describe the transfer of energy as it changes from kinetic to potential, while the total amount of energy 
remains constant. 


3. Explain why energy is important to organisms. 

4, Describe how most organisms obtain the energy they need to survive. 

5. Explain how primary production is affected by light, temperature, moisture and nutrients. 

6. Illustrate and describe the flow of energy through a food chain. 

7. Illustrate and describe the flow of energy through a food web, including detritivores and decomposers. 
8. Predict the effects of removing species from a food web. 

9. Define keystone species and explain their importance in maintaining balance in an ecosystem. 

10. Explain how trophic levels are used to construct energy pyramids. 

11. Explain why energy available to organisms decreases as it moves up trophic levels. 

12. Explain why there are generally more producers than consumers in an energy pyramid. 

Resource Management Objectives 

1. Describe how resource managers use their knowledge of primary production and energy flow to stock fish in ponds. 
2. Explain why knowledge of keystone species is important in habitat management plans. 

Essential Questions 

1. Why are there usually fewer than five levels in an energy pyramid? 

2. What is the impact of changing a piece of a food web? 


Teacher Notes 


Students should read Nature Unbound Chapter 6 before beginning Lesson 6 activities. 
This lesson contains an outdoor activity that can be done in one or two class periods. 


Outline of Answers to Objectives 
See following page. 


Essential Activities 
Essential Activity 6.1—Caught in the Web 
Essential Activity 6.2—Energy Pyramids 
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End of Chapter Assessment 


Lesson 6 Questions and Answer Key 


Summary 
Organisms need energy to grow, survive and reproduce. 
¢ Most organisms obtain energy through photosynthesis or by eating other organisms. 
¢ Primary production is affected by temperature, moisture and nutrients. 
¢ Food chains show a specific pathway of energy flow in a community. 
¢ Food webs are complex illustrations of interconnected food chains. 
¢ Some species affect a food web more than others. 
¢ Energy pyramids simplify food webs by sorting organisms into trophic levels. 
¢ Only about five to twenty percent of energy passes from one trophic level to the next. 


Outline of Answers to Objectives 
1. Define energy and distinguish between kinetic and potential. (p. 70) 
a. Energy is defined as the ability to do work. 
b. Energy is grouped into two main categories of kinetic or potential. 
i. Energy in motion is called kinetic energy. 
ii. Potential energy is stored energy and has the potential to move. 


2. Describe the transfer of energy as it changes from kinetic to potential, while the total amount of energy 
remains constant. (p. 70) 
a. Energy can’t be created or destroyed but can change from one form into another. For example, water behind a 
dam is potential energy. Releasing some water to fill a lake changes the stored energy to kinetic energy. 


3. Explain why energy is important to organisms. (p. 70) 
Everything an organism does requires energy. Life functions of organisms such as maintaining body temperature, 
escaping predators, growing new cells or pumping blood through the body all require energy. 


4. Describe how most organisms obtain the energy they need to survive. (p. 71) 
a. Organisms get energy through consuming other organisms or through photosynthesis. 

i. Consumers get energy by eating other organisms. 

ii. Producers such as plants and photosynthetic organisms use kinetic energy from sunlight to combine 
molecules of water and carbon dioxide to produce glucose in the process of photosynthesis. Plant tissue is 
formed when glucose is combined with nitrogen and other elements to form proteins and nucleic acids. 
This process provides a form of energy that most organisms can use for growth, survival and reproduction 
and is called primary production. 


5. Explain how primary production is affected by light, temperature, moisture and nutrients. (p. 72) 

a. ‘The energy from sunlight is required for photosynthesis to occur. The rate of primary production is directly 
influenced by the amount of available sunlight. Limited amounts of sunlight limit the amount of primary 
production that occurs. Increased amounts of light produce an increase in the rate of primary production. 

b. ‘The rate of primary production is influenced by temperature. When the temperature decreases, photosynthesis 
slows. As the temperature increases, the process of photosynthesis also increases (to a point). Photosynthesis 
generally occurs best from 16 degrees Celsius to 34 degrees Celsius. 

c. In the process of photosynthesis, molecules of water combine with carbon dioxide molecules to form glucose. 
Lack of water can hinder photosynthesis, which in turn, limits primary production. 

d. Nutrients such as nitrogen and phosphorus are required to form plant tissue. A lack of these elements can limit 
the growth of producers and the rate of primary production, particularly in aquatic ecosystems. 
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10. 


11. 


12: 


162 


Illustrate and describe the flow of energy through a food chain. (p. 73) 
a. Food chains display the path of energy as it is transferred from producers to various consumers. As each 
organism is consumed, the energy is transferred into the tissues of the consumer. 


Illustrate and describe the flow of energy through a food web, including detritivores and decomposers. (p. 75) 
a. A food web illustrates all the pathways the sun’s energy might take as it is transferred from one organism to another 
in a community. Food webs show how food chains are interconnected and include detritivores and decomposers. 
i. Detritivores feed on dead organisms and excrete wastes. They break down dead organisms to smaller pieces. 
Examples of detritivores in a wetland are crayfish, worms and aquatic insects. 
ii. Decomposers feed on dead organisms and break down the nutrient molecules found in the organisms’ 
tissues into simpler molecules that can be used by producers during photosynthesis. Examples of 
decomposers are bacteria and fungi. 


Predict the effects of removing species from a food web. (p. 76) 

a. When one organism is removed from a community, all the organisms that eat that particular organism plus the 
organisms higher on the food chain will be greatly impacted. For example, if algae disappears from a wetland, 
snails and crayfish would be affected. In addition, the organisms that eat snails and crayfish would be affected. 

b. Ifa keystone species is removed, the flow of energy through the community will be greatly affected in various 
ways. For example, removing muskrats from a marsh will allow the cattails to dominate the marsh, and plant 
diversity will be diminished. 


Define keystone species and explain their importance in maintaining balance in an ecosystem. (pp. 76-78) 

a. Species that have a stronger influence than other species on the way energy flows through a food web are 
referred to as keystone species. 

b. ‘The loss of a keystone species in an ecosystem has a greater consequence on the flow of energy than the loss of 
other, less influential species. 


Explain how trophic levels are used to construct energy pyramids. (p. 78) 

a. ‘Trophic levels group organisms by the position they occupy in a food chain. Energy pyramids depict the 
amount of energy available at each trophic level. The shape of the pyramid shows that consumers at higher 
trophic levels have less energy to support them than consumers at lower trophic levels. 

i. ‘The first level contains producers that convert the sun’s energy into other usable forms of energy. 
ii. The second trophic level contains primary consumers—organisms that eat primary producers. 
iii. The third trophic level contains secondary consumers that eat primary consumers. 

iv. The fourth trophic level contains tertiary consumers that eat secondary consumers. 

v. ‘The fifth trophic level is made up of quaternary consumers that eat tertiary consumers. 


Explain why energy available to organisms decreases as it moves up trophic levels. (pp. 79-80) 

a. At the first trophic level, 15% of the sun’s energy goes back to the atmosphere, 40% is converted to heat, 40% 
is used to move water through the plant, 4% is used for cellular reproduction and only 1% becomes available to 
primary consumers. 

b. At the second trophic level, some tissue can’t be used and is excreted as waste; other digested tissue is used in 
cellular respiration or is lost as heat. 

c. Generally, only 5 to 20 percent of the total energy is passed to the next trophic level. The major portion of the 
energy is lost due to the following three reasons: 

i. ‘The inability of organisms to digest certain tissues from organisms in a lower trophic level 
ii. The use of energy to keep the organism alive 
iii. The loss of energy as heat transferred to the environment 


Explain why there are generally more producers than consumers in an energy pyramid. (p. 81) 

a. Primary producers generally outnumber consumers because producers support the consumers at all levels of the 
energy pyramid. Energy is lost as it moves through each trophic level, making less energy available to higher- 
level consumers. A greater number of producers is required to support the next trophic level. This explains why 
most food chains have five or fewer links. 
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Resource Management Objectives 


1. Describe how resource managers use their knowledge of primary production and energy flow to stock fish in 


ponds. (p. 74) 


a. 


A pond’s most important producers are microscopic plants called phytoplankton. Phytoplankton require carbon 
dioxide, water, sunlight and nutrients such as nitrogen and phosphorous. These nutrients wash from the soil 
and dissolve in pond water. In areas with high soil fertility there are more nutrients available, and primary 
production by phytoplankton is higher. Resource managers use information about the fertility of soils to 
identify the ideal amounts and variety of fish for stocking a pond. Richer soils can support higher levels of fish 
because the primary production will be higher. Soils with poor fertility will not support the same level of fish. 
Ponds often contain an overabundance of bass 20 to 30 centimeters in length. Biologists call this a stockpiled bass 
population. The bass get just enough food to stay alive, but not enough to grow very large. In this situation, resource 
managers may encourage increasing bass harvest by instituting a slot length limit. The length limit allows fish under 
and over a certain length, or slot, to be harvested. A slot length limit between 30 and 40 centimeters would encourage 
harvest of bass less than 30 centimeters and over 40 centimeters. All fish between 30 and 40 centimeters are released. 
Removing a large number of smaller bass makes more food available to the remaining fish. 


2. Explain why knowledge of keystone species is important in habitat management plans. (p. 77) 
Knowledge of keystone species, like the prairie lizard (formerly known as the Northern fence lizard) on glades, will 
determine how to manage the habitat to promote that species and restore the community. 
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Essential Activity 6.1 


Caught in the Web 


Estimated time 


(1-2) 50-minute class periods 


Objectives 
Students will be able to: 
1. Describe how most organisms obtain the energy they need to survive. 


2. Illustrate and describe the flow of energy through a food chain. 

3. Illustrate and describe the flow of energy through a food web, including detritivores and decomposers. 
4, Predict the effects of removing various pieces of a food web. 

5. Define keystone species and explain their importance in maintaining balance in an ecosystem. 

6. Explain how trophic levels are used to construct energy pyramids. 

7. Explain why energy available to organisms decreases as it moves up trophic levels. 


8. Explain why there are generally more producers than consumers in an energy pyramid. 


Teacher Preparation 


Have students work in groups of three or four to create food webs adding information they collect about decomposers 
and detritivores. The final project will be to create an energy pyramid. 

Locate several different habitats in the schoolyard ecosystem. Assign groups to specific habitats to ensure all are 
represented. Discuss collection techniques with students. Discuss the pros and cons of (1) collecting specimens to take 
back to the classroom for identification and (2) recording organisms and releasing them immediately. Remind students 
that it is best to observe an area before disturbing it. Many animals will move away once they are disturbed. Moving 
into and observing an area quietly will improve and increase opportunities to observe organisms. 


Materials 


Student science notebooks 

Pencils 

Air thermometer 

Insect nets 

Forceps 

Collection jars 

Magnifiers 

6.1 Investigation Cards (6 or 7 per student) 
Field guides 

Poster board 

Yarn 

Digital cameras and/or the camera feature of cell phones (optional) 
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Procedure 
Part 1 


1. 


2. 


Have students complete their science notebook headings and record questions they have during the activity. 


Provide each student five 6.1 /nvestigation Cards. Remind students that not all organisms need to be collected but 
that all organisms should be observed, described, recorded and placed in a trophic level. 


Instruct students to begin by carefully observing their study area before they disturb it. Many organisms can be 
observed by quiet observation. 


Divide students into small groups. Groups should be assigned to different habitats of the study site. Each student’s 
set of five cards should represent the five different trophic levels. Move among groups and provide prompts to 
groups that are not including producers as organisms. 


Students should complete their cards. If the common name of an organism isn’t known, students should record 
distinguishing characteristics. Digital cameras may be used to record organisms and their characteristics. If an 
organism is collected, students should record the jar label number in the blank for the name. 


Students should record any observations which may be helpful in identifying the organism’s trophic level and 
relationship to other organisms in its food web. If necessary, include these prompts: 

a. Did you observe the organism collecting energy? 

b. Was the organism in a predator or prey role? 

c. Did you observe the organism interacting or associating with another organism? 


Part 2 


I; 


Have groups arrange their cards in a food chain. If necessary, provide prompts to ensure students have identified 
five trophic levels in each food chain. 


Provide each group with one or two more 6.1 Investigation Cards. Groups should return to their study area to look 
for decomposers and complete a card for any decomposers observed. 


Groups should arrange their cards to create a food web. If necessary, provide prompts to remind students to include 
decomposers and/or detritivores. 


In the classroom, each group should create a food web on poster board that depicts their habitat using digital 

group P Pp § ag 
photos or investigation cards. Yarn may be used to illustrate the numerous pathways through which energy flows 
among organisms. 


Each group should present their energy pyamids to the class. Presentations should address the following questions: 

Are there organisms that are likely to be in the food web but were not observed? 

Is one organism more connected than others (keystone species)? 

What would happen if that organism (keystone species) were removed from the habitat? 

What would happen if half of the producer species were removed? What if 75% were removed? 

What might cause such a loss of producers and what implications might this have on individual organisms and 
on the entire habitat? How might this effect energy flow? 

f. In their schoolyard ecosystem, what human influences (positive and/or negative) affect the food web they presented? 

g. What questions do students have about their observations? 


goo TP 


Display the food webs. 


Students should compile information from the food webs to create a schoolyard ecosystem energy pyramid 
indicating where the energy goes. (See Figure 6.5 on page 80 of Nature Unbound.) 
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Wrap up 


1. Review and discuss student findings. 
2. List student questions and have students decide which questions are testable. 
3. Discuss how they would create an experiment, field study or further observation on one of the testable questions. 


Assessment 


1. Check for completion and accuracy of investigation cards and energy pyramid. 


Extensions 
1. Predict food chains and food webs found in different habitats. 


2. Create a poster, PowerPoint, etc. of these food chains or food webs. 


3. Identify keystone species for each habitat. 
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6.1 Investigation Card 


Habitat (name or description): 


Common Name/Description/Collection Jar Number: 


Scientific Name: 
Trophic Level: 
Energy Source: 
Who consumes this organism? 
Use back of Investigation Card for other observations. 


Question: 


6.1 Investigation Card 


Habitat (name or description): 


Common Name/ Description/Collection Jar Number: 


Scientific Name: 
Trophic Level: 
Energy Source: 
Who consumes this organism? 
Use back of Investigation Card for other observations. 


Question: 
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Essential Activity 6.2 


Energy Pyramids 


Estimated Time 


(1) 50-minute class period 


Objectives 


Students will be able to: 


1. Illustrate and describe the flow of energy. 

2. Explain how trophic levels are used to construct energy pyramids. 

3. Explain why energy available to organisms decreases as it moves up trophic levels. 

4, Explain why there are generally more producers than consumers in an energy pyramid. 
Teacher Preparation 


A large outdoor area will be needed for this activity. This activity will illustrate that, on average, ten percent of energy 
consumed is converted to bodily use and 90% is lost. The numbers used are arbitrary, but the percentage represents an 
average loss over various ecosystems. In the modified ecosystem on the student worksheet, the numbers are smaller to 
make the paper pyramid more manageable. In an actual ecosystem, the numbers are larger, reflecting a more accurate 
description of the energy in an ecosystem, but the paper needed would be immense. It may only be necessary for 
students to see this and not actually follow through on the construction of the actual ecosystem, or one model may be 
made with the entire class. 


Have students work in groups of three or four to create visual representations of energy pyramids. Using the 


worksheet as a guide, groups will build paper pyramids which indicate energy loss at each trophic level. The final 
product will be the pyramids. 


Materials 


Student science notebooks 

Pencils 

Rolls of adding machine paper or toilet paper 

Copies of 6.2 Energy Pyramid Worksheet (one per group) 
Calculators 

Scissors 

Colored markers 

Poster board or butcher paper 

Metric rulers and/or metric measuring tapes 
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Procedure 


I, 


2. 


Wr 
1. 


Have students complete their science notebook headings. 


Have groups complete the 6.2 Energy Pyramid Worksheet for the modified and actual ecosystems. Explain that in the 
modified ecosystem, the numbers are arbitrary but percentages are accurate for most ecosystems. At each trophic level, 
the lengths are multiplied by .1 (indicating 10% of the energy is available from the previous trophic level). 


Have groups cut four pieces of adding machine paper or toilet paper, the length of each strip of paper should reflect the 
length of one of the four trophic levels as determined on the worksheet. These four strips of paper represent the four 
trophic levels of the modified energy pyramid. On a large piece of poster board or butcher paper, have groups place 

the strip of paper representing the producers on the bottom, then the primary consumers, secondary consumers, and 
finally, the tertiary consumers on top. Label and decorate (with examples of organisms) for each level of this pyramid. 
Have groups repeat step 2 for the actual energy pyramid. Numbers will be larger, so the lengths of paper will be longer. 
Have students display the pyramid on the ground. When completed, lay the modified pyramid next to it for comparison. 
Have students summarize what they have learned in their science notebooks. 


ap up 


Discuss student findings and summaries. 


2. Discuss what would happen if the producer level were decreased by 50%. What might cause such a loss, and what 
implications might this have on the energy flow through the entire ecosystem? 

3. Display modified pyramids. Did students use examples from the same ecosystem? 

Assessment 

1. Check pyramids for completion and accuracy. 

2. Check summaries in science notebooks for understanding. 

Extension 

1. Cave animals can only convert 2.5% of the energy for bodily use. Using that number (.025), have students create an 
energy pyramid for caves. 
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6.2 Energy Pyramid Worksheet 

Directions: Fill in the worksheet, starting with the modified ecosystem. These numbers are arbitrary. At each level, 
use the number from the previous level in your calculations. Then, measure pieces of adding machine paper or toilet 
paper to represent each trophic level. Glue the levels onto a large piece of poster board or butcher paper, starting with 
producers on the bottom, then primary, secondary and finally, tertiary consumers. Decorate the paper with pictures or 
labels of plant and animal examples at each trophic level. 


MODIFIED ECOSYSTEM 


1st level—Producers: 640 mm 


2nd level—Primary consumers: (640 mm X 0.1) = mm 
3rd level—Secondary consumers: _( mm X 0.1) = mm 
4th level—Tertiary consumers: ( mm X 0.1) = mm 
ACTUAL ECOSYSTEM 
(with actual energy base 200X greater than the modified ecosystem) 
1st level—Producers: (640 mm X 200) = mm 
2nd level—Primary consumers: ( mm X 0.1) = mm 
3rd level—Secondary consumers: ( ) mm X 0.1 = mm 
4th level—Tertiary consumers: ( )mm X 0.1 = mm 
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Lesson 6 


End of Chapter Assessment 


1. Which statement below describes energy? 

Energy is the raw material that creates change. 

Energy is required for organisms to grow new cells. 
Organisms can transform one form of energy into another. 
Energy is the ability to do work. 

All of the statements describe energy. 


soo TP 


2. Which of the following statements provides an example of how energy is changed from kinetic to potential energy? 
a. Acell phone transforms the chemical energy in its batteries into electricity. 
b. A tree uses the sun’s energy to transform water and carbon dioxide into glucose. 
c. Light waves produce heat. 
d. During cellular respiration, oxygen and glucose react to form carbon dioxide and water. 


3. Give an example to explain how the total amount of energy remains constant within a system during the transfer of 
energy from kinetic to potential. 
4, Explain how energy is important to organisms. 


5. List two ways organisms obtain the energy they need to survive. 


6. Formulate a testable question concerning primary production of an ecosystem. What variables might affect the rate 
of primary production? 


7. Draw and label a diagram to illustrate the flow of energy through a food chain. 
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8. Explain the function of decomposers and detritivores in a food web. 


9. Define a keystone species. 


10. Suppose muskrats are overharvested from a wetland ecosystem. Predict how the use and flow of energy would be 
altered. 


11. Which of the following statements explains why an energy pyramid generally has more producers than consumers? 
a. Energy is lost as it moves through each trophic level, making less energy available to higher-level consumers. 
b. When a producer is removed from a community, all the organisms that eat that particular organism plus the 
organisms higher on the food chain will be negatively impacted. 
c. Consumers at higher trophic levels have more energy than consumers at lower trophic levels. 
d. Almost 90% of the energy in the first trophic level is transferred to primary consumers. 


12. Give examples of organisms at each trophic level and explain why they belong at that level. 


13. Which of the following helps to explain why the amount of energy available to an organism decreases as it moves 
up trophic levels? 
a. ‘The inability of the organism to digest certain tissues from organisms in a lower trophic level causes the energy 
to become fuel for decomposers. 
An organism uses some of the energy for life functions. 
c. As energy is transferred, some is lost as heat into the environment. 


d. All of the above 


14. What actions might a resource manager take to resolve the problem of a pond with an overabundance of small bass? 
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Lesson 6 


End of Chapter Assessment Scoring Guide 


174 


Which statement below describes energy? 

Energy is the raw material that creates change. 

Energy is required for organisms to grow new cells. 
Organisms can transform one form of energy into another. 
Energy is the ability to do work. 

All of the statements describe energy. 

Answer: ¢ (1 point) 


oe poop 


Which of the following statements provides an example of how energy is changed from kinetic to potential energy? 
a. Acell phone transforms the chemical energy in its batteries into electricity. 

b. A tree uses the sun’s energy to transform water and carbon dioxide into glucose. 

c. Light waves produce heat. 

d. During cellular respiration oxygen and glucose react to form carbon dioxide and water. 

Answer: b (1 point) 


Give an example to explain how the total amount of energy remains constant within a system during the transfer of 
energy from kinetic to potential. 

Answer: In the process of photosynthesis, plants obtain kinetic energy from sunlight. The energy doesn’t disappear 
but is changed into different forms. The plant loses part of the energy as heat, and part is transformed into the 
potential energy of glucose. Another part of the energy is released into the atmosphere. The amount of energy did 
not change. (4 points) 


Explain how energy is important to organisms. 
Answer: Organisms require energy to complete functions necessary for life. Those functions include maintaining 
body temperature, growing new cells, pumping blood through the body and escaping predators. (4 points) 


List two ways organisms obtain the energy they need to survive. 
Answer: Organisms get energy through consuming other organisms or through photosynthesis. (2 points) 


Formulate a testable question concerning primary production of an ecosystem. What variables might affect the rate 
of primary production? 

Answers will vary but should include one of the following factors: Light, temperature, moisture or nutrients. 
(2 points) 


Draw and label a diagram to illustrate the flow of energy through a food chain. 
Answer: Diagrams will vary, but should include the path of energy beginning with producers and the transfer to 
various consumers. (1 point) 


Explain the function of decomposers and detritivores in a food web. 

Answer: 

a. Decomposers feed on dead organisms and break down the nutrient molecules found in the organisms’ tissues 
into simpler molecules that can be used by producers during photosynthesis. Examples of decomposers are 
bacteria and fungi. 

b. Detritivores get their energy by feeding on dead organisms and provide energy by excreting wastes. Examples of 
detritivores in a wetland are crayfish, worms and aquatic insects. (4 points) 
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9. Define a keystone species. 
Answer: Keystone species are usually one of the least abundant organisms in a community but have a 
disproportionate effect on the way energy flows through the community. (1 point) 


10. Suppose muskrats are overharvested from a wetland ecosystem. Predict how the use and flow of energy will be altered. 
Answer: 
a. When one organism is removed from a community, all the organisms that eat that particular organism plus the 
organisms higher on the food chain will be negatively impacted. 
b. Ifa keystone species is removed, the flow of energy through the community will be adversely affected in various 
ways. For example, removing muskrats from a marsh will allow the cattails to dominate the marsh, and plant 
diversity will be diminished. (2 points) 


11. Which of the following statements explains why an energy pyramid generally has more producers than consumers? 
a. Energy is lost as it moves through each trophic level, making less energy available to higher-level consumers. 
b. When a producer is removed from a community, all the organisms that eat that particular organism plus the 
organisms higher on the food chain will be negatively impacted. 
c. Consumers at higher trophic levels have more energy than consumers at lower trophic levels. 
d. Almost 90% of the energy in the first trophic level is transferred to primary consumers. 
Answer: a (1 point) 


12. Give examples of organisms at each trophic level and explain why they belong at that level. 
Answer: Producers should include plants and other organisms that use photosynthesis to convert sunlight into 
chemical energy. Primary consumers should include herbivores that eat the producers. Secondary consumers should 
include omnivores and carnivores that eat the primary consumers. The fourth trophic level should include tertiary 
consumers that eat secondary consumers. The fifth trophic level should include quaternary consumers that eat 
tertiary consumers. (4 points) 


13. Which of the following helps to explain why the amount of energy available to an organism decreases as it moves 
up trophic levels? 
a. ‘The inability of the organism to digest certain tissues from organisms in a lower trophic level causes the energy 
to become fuel for decomposers. 
b. An organism uses some of the energy for life functions. 
c. As energy is transferred, some is lost as heat into the environment. 


d. All of the above 
Answer: d (1 point) 


14. What actions might a resource manager take to resolve the problem of a pond with an overabundance of small bass? 
Answer: Ponds often contain an overabundance of bass 20 to 30 centimeters in length. Biologists call this a 
stockpiled bass population. The bass get just enough food to stay alive, but not enough to grow very large. In this 
situation, resource managers may encourage increasing bass harvest by instituting a slot length limit. The length 
limit allows fish under and over a certain length, or slot, to be harvested. A slot length limit between 30 and 40 
centimeters would encourage harvest of bass less than 30 centimeters and over 40 centimeters. All fish between 
30 and 40 centimeters are released. Removing a large number of smaller bass makes more food available to the 
remaining fish. (1 point) 
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Lesson 7: The Cycling of Elements 
Through Ecosystems 


Estimated time 


(3) 50-minute class periods 


Science CLEs 


ME.1.I.a. 


EC.2.B.a. 
EC.2.B.b. 


EC.3.C.c. 


EC.3.C.d. 


IN.1.A.a. 


IN1.A.b. 


IN1.A.c. 


IN.1.B.a. 


IN.1.B.b. 


IN.1.C.a. 


IN1.C.b. 


IN.1.C.c. 


IN.1.D.a. 


Compare the mass of the reactants to the mass of the products in a chemical reaction or physical change 
(e.g., biochemical processes, carbon dioxide-oxygen cycle, nitrogen cycle, decomposition and synthesis 
reactions involved in a food web) as support for the Law of Conservation of Mass 


Explain the processes involved in the recycling of nitrogen, oxygen, and carbon through an ecosystem 
Explain the importance of the recycling of nitrogen, oxygen, and carbon within an ecosystem 


Explain how environmental factors (e.g., habitat loss, climate change, pollution, introduction of non-native 
species) can be agents of natural selection 


Given a scenario describing an environmental change, hypothesize why a given species was unable to survive 
Formulate testable questions and hypotheses 


Analyzing an experiment, identify the components (i.e., independent variable, dependent variables, control 
of constants, multiple trials) and explain their importance to the design of a valid experiment 


Design and conduct a valid experiment 


Make qualitative and quantitative observations using the appropriate senses, tools and equipment to gather 


data (e.g., microscopes, thermometers, analog and digital meters, computers, spring-seates, balances, metric 
rulers, gracduated-cylinders} 


Measure length to the nearest millimeter, mass to the nearest gram, volume to the nearest milliliter, force 
(weight) to the nearest Newton, temperature to the nearest degree Celsius, time to the nearest second 


Use quantitative and qualitative data as support for reasonable explanations (conclusions) 


Analyze experimental data to determine patterns, relationships, perspectives, and credibility of explanations 
(e.g., predict/extrapolate data, explain the relationship between the independent and dependent variable) 


Identify the possible effects of errors in observations, measurements, and calculations, on the validity and 
reliability of data and resultant explanations (conclusions) 


Communicate the procedures and results of investigations and explanations through: 
Oral presentations 
Drawings and maps 
Data tables (allowing for the recording and analysis of data relevant to the experiment such as independent and 
dependent variables, multiple trials, beginning and ending times or temperatures, derived quantities) 
Graphs (bar, single, and multiple line) 
Equations and writings 
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Vocabulary 


Element cycling Mycelia 
Chemical elements Nitrogen fixation 
Molecule Nitrification 
Compound Anaerobic 
Biomolecules Denitrification 
Pools Water cycle 
Reservoirs Evaporation 
Biosphere Transpiration 
Geosphere Condensation 
Hydrosphere Precipitation 
Atmosphere Aquifers 

Law of conservation of matter Runoff 
Geological carbon cycle Eutrophication 


Biological carbon cycle 


Greenhouse gases 


Mycorrhizae 

Objectives 

1. Distinguish between atom, element, molecule and compound. 

2. Identify which elements are essential for life. 

3. Identify the pools and reservoirs in which atoms reside in ecosystems. 
4, Describe how physical and chemical processes move atoms from one pool or reservoir to another. 
5. Explain the law of conservation of matter. 

6. Explain the processes involved in the carbon cycle. 

7. Explain the processes involved in the phosphorus cycle. 

8. Explain the processes involved in the nitrogen cycle. 

9. Explain the processes involved in the water cycle. 


10. Describe ways humans affect the cycling of elements through ecosystems. 


11. Explain the importance of the recycling of elements within an ecosystem. 


Resource Management Objectives 


1. Explain why lead is harmful to organisms and describe steps resource managers take to reduce its occurrence 
in ecosystems. 
Essential Questions 


Which molecules does life demand, and how are they supplied? 
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Teacher Notes 


Students should read Nature Unbound Chapter 7 before beginning Lesson 7 activities. 


Essential Activity 7.2 requires soil and/or water test kits. If these are not available, arrange to borrow them from the 
local Missouri Department of Conservation Education Consultant. Before using soil and/or water test kits, review with 


students how such kits are used and safety guidelines for each. 


Outline of Answers to Objectives 
See following page. 


Essential Activities 


Essential Activity 7.1—Element Journeys 
Essential Activity 7.2—Testing for Elements 


End of Chapter Assessment 


Lesson 7 Questions and Answer Key 


Summary 


All matter is composed of atoms. 
e Physical and chemical processes move atoms through ecosystems. 
e Atoms cannot be created or destroyed. 
¢ Atoms follow specific pathways through ecosystems. 
¢ Human populations affect element cycles. 
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Outline of Answers to Objectives 


1. Distinguish between atom, element, molecule and compound. (Nature Unbound, p. 84) 
a. Atom—All matter is composed of atoms. 
b. Element—Elements can combine to form molecules and compounds. 
c. Molecule—A molecule is formed when two or more atoms combine. 
d. Compound—A compound is a molecule that contains at least two different elements. 


2. Identify which elements are essential for life. (pp. 84-85) 
Oxygen, Carbon, Hydrogen, Phosphorus, Nitrogen 


3. Identify the pools and reservoirs in which atoms reside in ecosystems. (p. 85) 
a. Pools—Pools are places where atoms collect for a short length of time (from a few hours to a few years). 
b. Reservoirs—Reservoirs are places where atoms reside for longer periods of time (decades to millions of years). 


4, Describe how physical and chemical processes move atoms from one pool or reservoir to another. (p. 85) 
a. Physical process—E£x. When water evaporation occurs, hydrogen and oxygen atoms move from the hydrosphere 
to the atmosphere. 
b. Chemical Process—Ex. During photosynthesis, hydrogen and oxygen in plants are chemically rearranged 
to form various molecules that make up the tissues of plants. Hydrogen and oxygen are being moved by a 
chemical process from the hydrosphere, atmosphere or geosphere into living things (biosphere). 


5. Explain the law of conservation of matter. (p. 86) 
Matter cannot be created or destroyed. Atoms are simply recycled and reused over and over again. 


6. Explain the processes involved in the carbon cycle. (pp. 86-88) 

a. Carbon is the frame upon which every molecule used by living things is built. 

b. Geological Carbon Cycle—It takes millions of years for carbon to make the round trip through this cycle. 
Carbon moves among the geosphere, atmosphere and hydrosphere. 

c. Biological Carbon Cycle—It is closely tied to the flow of energy through ecosystems. Producers absorb carbon 
dioxide from the air or water and convert it through photosynthesis into carbohydrates. Producers store a 
portion of these carbohydrates in their tissues. Consumers ingest these carbohydrates. Most carbon leaves the 
biosphere through cellular respiration. Carbon can also leave the biosphere through decomposition and fire. 


7. Explain the processes involved in the phosphorus cycle. (p. 89) 

a. Phosphorus helps form DNA, RNA and the energy molecule ATP. It is a structural component of cell 
membranes, bones and teeth. 

b. ‘The largest reservoir of phosphorus is sedimentary rocks. Rain removes phosphorus in the form of phosphate 
from these rocks and washes it into the soils and hydrosphere where it can be used by organisms. Phosphorus 
moves into the food chain when plants absorb phosphate through their roots. Other organisms obtain 
phosphorus by eating plants and other organisms. Decomposition returns phosphate to the soil. 


8. Explain the processes involved in the nitrogen cycle. (pp. 90-91) 

a. Nitrogen is an essential part of DNA, RNA and amino acids. It helps form chlorophyll. 

b. ‘The major reservoir of the Earth’s nitrogen is the atmosphere. Seventy-eight percent of the air we breathe is 
nitrogen gas (N,). Few organisms can use nitrogen in this form so it must undergo a process called nitrogen 
fixation which changes nitrogen gas into ammonia. Plants use ammonia to make proteins and other nitrogen 
based molecules. Nitrogen is thus incorporated into the food chain. When organisms die or excrete wastes, 
decomposers convert the nitrogen compounds in their bodies or wastes back into ammonia. 
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Explain the processes involved in the water cycle. (pp. 92-93) 
me 


‘The water molecule is one of the most important ingredients of life. Water is the basis of fluids such as blood 
and cytoplasm. Water plays an important role in reproduction. Water is also a key habitat component for a vast 
array of organisms. 

The water cycle is the movement of water through different spheres. Some water moves between the biosphere 
and other spheres through the chemical reactions that occur inside organisms. Most of the water cycle, 
however, is driven by physical factors—solar energy and gravity. 

Evaporation moves water from the geosphere and hydrosphere to the atmosphere. Living organisms also move 
water from the biosphere to the atmosphere. Water vapor condenses in the atmosphere and falls as precipitation 
to the hydrosphere and geosphere. 


10. Describe ways humans affect the cycling of elements through ecosystems. (pp. 93-94) 


a. 


Human activity has increased the amount of nitrogen and phosphorus in the biosphere. Creating nitrogen and 
phosphorus fertilizers has led to too much of these elements in ecosystems. When large amounts of fertilizers 
run off the land into watersheds, eutrophication can occur. This depletes the oxygen in the water causing the 
aquatic ecosystem to collapse. 

Deforestation and burning of fossil fuels results in large quantities of carbon being put into the atmosphere. 
Carbon-based gases (greenhouse gases) allow sunlight to pass through but trap heat. This is called the 
greenhouse effect which is important in creating earth’s temperatures. However, these gases are building up at 
an alarming rate which has scientists concerned about global climate change. 

Humans also affect the distribution of water through consumption and pollution. 


11. Explain the importance of the recycling of elements within an ecosystem. (p. 86; p. 93) 
Because of gravity and the conservation of matter, the Earth is a closed system. Elements provide the basis for life 
and are recycled, reused and rearranged. They must move through an ecosystem so that they can be utilized. 


Resource Management Objectives 


1. Explain why lead is harmful to organisms and describe steps resource managers take to reduce its occurrence in 
ecosystems. (p. 95) 


a. 


Lead is toxic even in small concentrations. It causes irreparable bone, nerve and muscle damage. Animals 
exposed to lead may starve to death, become easy prey or pass lead up the food chain where it will kill 

other animals. 

Resource managers have taken steps to reduce lead in ecosystems by banning lead shot for waterfowl hunting. 
This reduces the amount of lead in aquatic ecosystems. 
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Essential Activity 71 


Element Journeys 


Estimated Time 


(1) 50-minute class period 


Objectives 
Students will be able to: 
1. Recognize that an ecosystem involves interactions among the abiotic and biotic parts of the earth. 


2. Identify the pools and reservoirs in which atoms reside in ecosystems. 

3. Describe how physical and chemical processes move atoms from one pool or reservoir to another. 
4, Explain the processes involved in the carbon/oxygen cycle. 

5. Explain the processes involved in the phosphorus cycle. 

6. Explain the processes involved in the nitrogen cycle. 

7. Explain the processes involved in the water cycle. 

8. Describe ways humans affect the cycling of elements through the ecosystem. 


9. Explain the importance of recycling of carbon, oxygen, phosphorus and nitrogen within an ecosystem. 


Teacher Preparation 

Have students work independently in the schoolyard ecosystem to create a descriptive cycle of nitrogen, carbon, 
phosphorus or water through the schoolyard ecosystem. Students should first read “Odyssey” from Aldo Leopold’s Sand 
County Almanac. In this essay, Aldo Leopold traces two generic nutrients, X and Y, as they cycle through an ecosystem. 
Have students use this as an example to create their own essay about one of the element cycles or the water cycle. Have 
students include one example of how humans influence the cycle. Students should have their student book for this 
activity and reference Figure 7.3, “The Geological Carbon Cycle,” Figure 7.4, “The Biological Carbon Cycle,” Figure 
7.5, “The Phosphorus Cycle,” Figure 7.6, “Physical and Biological Components of the Nitrogen Cycle.” Figure 7.7, “The 
Water Cycle,” and Ecology in Action, “Keeping Harmful Elements Out of Ecosystems,” p. 95. 


Materials 

Student science notebook 

Pencils 

Air thermometer 

“Odyssey” from Aldo Leopold’s Sand County Almanac 
Nature Unbound student book 
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Procedure 


1. Have students complete headings in their science notebooks. 

2. Have students read “Odyssey” from Sand County Almanac by Aldo Leopold. 

3. Give students boundaries and a time limit. 

4, Remind students that they must have at least one human influence in their cycle. 

5. Allow them to spread out to make observations to create their essay. They only need to write about one cycle. 
Wrap up 

1. Have students share their essays. 

2. Have students discuss the human influences they used in their cycle. 

3. Have students discuss Ecology in Action, “Keeping Harmful Elements Out of Ecosystems,” p. 95. 


4, What are sources of lead in Missouri? How does it enter the environment? What problems might it cause? What 
steps are being taken to reduce its occurrence in ecosystems? 


Assessment 
Refer to Appendix 4: Scoring Guide for Science Writing on page 216. 


Extension 


1. Research lead pollution in Missouri. 
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Essential Activity 7.2 


Testing for Elements 


Estimated Time 


(2) 50-minute class periods 


Objectives 
Students will be able to: 
1. Recognize that an ecosystem involves interactions among the abiotic and biotic parts of the earth. 


2. Identify the pools and reservoirs in which atoms reside in ecosystems. 
3. Explain the processes involved in the phosphorus cycle. 
4, Explain the processes involved in the nitrogen cycle. 


5. Explain the importance of recycling of carbon, oxygen, phosphorus and nitrogen within an ecosystem. 


Teacher Preparation 
This activity will allow students to determine places in the schoolyard ecosystem where elements from the cycles reside. 
They will investigate the nitrogen and phosphorus cycles. Students will be given a question and must create a hypothesis 
and a test for it. Students should work in groups to create a hypothesis and test for each question. Questions may also 
be assigned to groups. Have groups conduct their experiment and present their results. One class period can be used to 
create the experiment and begin data collection. Another class period can be used to finish collecting data and present 
the results. 

Depending on the characteristics of the schoolyard ecosystem, soil and/or water tests may be conducted. 


Materials 

Student science notebooks 

Pencils 

Soil test kits, water test kits, or lab probes for nitrogen (nitrites, nitrates, ammonia) and phosphorous 
Safety goggles 

Safety gloves 


Procedure 
1. Have students complete headings in their science notebooks. 
2. Give students the questions: 
a. Where would we find the greatest amount of nitrate in our schoolyard ecosystem? 


b. Where would we find the greatest amount of phosphorus in our schoolyard ecosystem? 


3. Have groups create a hypothesis and test procedure for one or both of the questions above. Have students write 
these in their science notebooks. 


4, Have students identify the independent and dependent variables, the materials they need to test their hypothesis 
and data tables for collection of information. 


184 NATURE UNBOUND: THE IMPACT OF ECOLOGY ON MISSOURI AND THE WORLD 


5. Have students write a multi-step procedure for testing their hypothesis. It should include at least three essential 
steps needed to conduct a valid experiment. Prompt students to write experiments that other researchers (students) 
could clearly follow and successfully complete. 


6. Have students conduct the test in their schoolyard ecosystem. 
7. Have students create a data table to record findings. 


8. Have students use the following questions to write a summary in their science notebook: 

Did their data support their hypothesis? Why or why not? 

Where was the greatest concentration of the element tested? How would that affect the plant and animal life? 
Where was the least concentration of the element tested? How would that affect the plant and animal life? 
How have human influences affected their findings? 

What other questions can be generated from the data collected? 


coo TP 


Wrap up 
1. Have students create a presentation of their findings for the rest of the class. This should include at least one of the 
element cycles (nitrogen, phosphorus) with examples from their schoolyard ecosystem. 


Assessment 
Refer to Appendix 3: Scoring Guide for Oral Presentation on page 215 and Appendix 5: Scoring Guide for Experimental 
Design on page 217. 


Extensions 
1. Make a class list of questions generated from the data collected by each group. Determine which of these questions 
are testable and use them to create a hypothesis and an experiment. 


2. Design and conduct an experiment on the effects of adding fertilizers to a small site on the schoolyard ecosystem. 


3. Design and conduct an experiment to test for carbon. 
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Lesson 7 


End of Chapter Assessment 


1. Define the terms atom, element, molecule and compound. 
2. List the elements that are essential for life. 
3. Give an example of how the geosphere is a reservoir for atoms. 


4, What is the chemical process that moves atoms from one sphere to another? 
a. condensation 
b. evaporation 
c. translocation 
d. photosynthesis 
Questions 5 through 12 
Match the description with the appropriate abiotic cycle. Answers may be used once, more than once or not at all. 
a. ‘The water cycle 
b. ‘The nitrogen cycle 
c. The carbon cycle 
d. ‘The phosphorus cycle 
5. This abiotic cycle has no atmospheric component. 
6. ‘This cycle is needed for plants to make amino acids and DNA. 
7. Transpiration is a process in plants that is part of this cycle. 
8. Bacteria live in a symbiotic relationship with a plant, such as a bean, pea or other legume. 
9. Precipitation, runoff and percolation are all processes in this cycle. 
10. The largest amount of this element is stored in mineral form. 


11. Lightning and bacteria convert a gas into a form plants can use. 


12. A large amount of this element is stored as fossil fuels. 
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13. Give an example of how the use of nitrogen fertilizers affects aquatic ecosystems. 


14. Describe how greenhouse gases are being put into the environment and the possible effect their build up may have 
on the environment. 


15. Explain the importance of recycling nitrogen, oxygen and carbon within an ecosystem. 


16. High concentrations of lead were found in a wetland area. The watershed for this wetland contains the following: a 
forested area, a shooting range and small farms. What would the resource manager responsible for the wetland need 
to do? Write the procedure the resource manager would need to follow and the data he or she would need to collect. 


17. What effects might lead have on wetland species? 
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Lesson 7 


End of Chapter Assessment Scoring Guide 


1. Define the terms atom, element, molecule and compound. 
Answer: 
a. Atom—the smallest portion of a chemical element that maintains the properties of that element 
b. Element—a particular kind of atom based on the number of protons found in the atom’s nucleus 
c. Molecule—a combination of two or more atoms 
d. Compound—molecule that contains at least two different elements 


(4 points) 


2. List the elements that are essential for life. 
Answer: Oxygen, Carbon, Hydrogen, Nitrogen, Phosphorus (2 points) 


3. Give an example of how the geosphere is a reservoir for atoms. 
Answer: The largest reservoir of phosphorus occurs in sedimentary rocks. The geosphere is composed of all the 
rocks and minerals making up the Earth’s land. (2 points) 


4, What is the chemical process that moves atoms from one sphere to another? 
a. condensation 
b. evaporation 
c. translocation 
d. photosynthesis 
Answer: d (1 point) 
Questions 5 through 12 
Match the description with the appropriate abiotic cycle. Answers may be used once, more than once or not at all. 
(1 point each) 
a. ‘The water cycle 
b. ‘The nitrogen cycle 
c. ‘The carbon cycle 
d. The phosphorus cycle 
5. This abiotic cycle has no atmospheric component. Answer: d 
6. ‘This cycle is needed for plants to make amino acids and DNA. Answer: b 
7. Transpiration is a process in plants that is part of this cycle. Answer: a 
8. Bacteria live in a symbiotic relationship with a plant, such as a bean, pea or other legume. Answer: b 
9. Precipitation, runoff and percolation are all processes in this cycle. Answer: a 
10. The largest amount of this element is stored in mineral form. Answer: d 


11. Lightning and bacteria convert a gas into a form plants can use. Answer: b 


12. A large amount of this element is stored as fossil fuels. Answer: c 
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13. Give an example of how the use of nitrogen fertilizers affects aquatic ecosystems. 
Answer: Plants need nitrogen, and small amounts of nitrogen fertilizers can increase plant growth leading to more 
plants. When large amounts of fertilizers run off the land into watersheds, eutrophication can occur. This depletes 
the oxygen in the water, causing the aquatic ecosystem to collapse. (2 points) 


14. Describe how greenhouse gases are being put into the environment and the possible effect their build up may have 
on the environment. 
Answer: Carbon-based gases (greenhouse gases) allow sunlight to pass through but trap heat. This is called the 
greenhouse effect which is important in creating earth’s temperatures. However, these gases are building up at an 
alarming rate which has scientists concerned about global climate change. (2 points) 


15. Explain the importance of recycling nitrogen, oxygen and carbon within an ecosystem. 
Answer: Because of gravity and the conservation of matter, the Earth is a closed system. Elements provide the basis 
for life and are recycled, reused and rearranged. They must move through an ecosystem so that they can be utilized. 
(2 points) 


16. High concentrations of lead were found in a wetland area. The watershed for this wetland contains the following: a 
forested area, a shooting range and small farms. What would the resource manager responsible for the wetland need 
to do? Write the procedure the resource manager would need to follow and the data he or she would need to collect. 
Answer: The resource manager would need to investigate the watershed for point and non-point source pollution. 
Some questions the resource manager might ask: 
¢ — Is there lead paint being used on the farms? 
¢ — Is lead shot used at the shooting range? 
¢ Is there illegal dumping on the forested area? 

Once the source of the lead has been identified, the resource manager could devise a response plan. 
Options to consider: 

¢ Identify the hazards lead poses. 

¢ Identify ways to clean it up and prevent its recurrence. 

¢ Install lead containment and recycling systems. 

¢ Inform and educate the public. (4 points) 


17. What effects might lead have on wetland species? 
Answer: Lead is toxic even in small concentrations. It causes irreparable bone, nerve and muscle damage. Animals 
exposed to lead may starve to death, become easy prey or pass lead up the food chain where it will kill other 
animals. (2 points) 
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Lesson 8: Diversity and Disturbance 


of Biological Communities 


Estimated time 


(3) 50-minute class periods for activities 


Science CLEs 


EC.1.B.b. Predict how populations within an ecosystem may change in number and/or structure in response to 


hypothesized changes in biotic and/or abiotic factors 


EC.1.C.b. Predict and explain how natural or human caused changes (biological, chemical and/or physical) in one 


ecosystem may affect other ecosystems due to natural mechanisms (e.g., global wind patterns, water cycle, 


ocean currents) 


EC.1.D.a._ Predict the impact (beneficial or harmful) a natural or human-caused environmental event (e.g., forest fire, 


flood, voleanteeruption, avatanche, acid rain, global warming, pollution, deforestation, introduction of an 


exotic species) may have on the diversity of different species in an ecosystem 


EC.3.C.c. Explain how environmental factors (e.g., habitat loss, climate change, pollution, introduction of non-native 
species) can be agents of natural selection 


IN.1.A.a. Formulate testable questions and hypotheses 


IN.1.B.a. Make qualitative and quantitative observations using the appropriate senses, tools and equipment to gather 


data (¢.g., microscopes, thermometers, analog and digital meters, computers, spring-scales, balances, metric 
rulers, gracduated-cytinders} 


Vocabular 

Biological Saul 
Structure 

Species richness 

Relative abundance 
Species evenness 
Diversity indices 

Species diversity 
Biodiversity 

Species-area rule 
Featured-species management 
Community management 


Biodiversity hotspots 
Conservation opportunity areas 
Equilibrium model of island biogeography 
Equilibrium point 

Succession 

Primary succession 

Secondary succession 
Disturbance 

Pioneer 

Early successional community 
Climax community 
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Objectives 
I, 


Explain how species richness and relative abundance are used to measure and compare communities. 
2. Define biodiversity in terms of genes, species and ecosystems. 
3. Explain the importance of high biodiversity. 
4, Describe how biodiversity is affected by latitude, habitat complexity and area. 
5. Explain how immigration and extirpation affect species diversity. 
6. Illustrate how populations within a community change following an environmental disturbance. 
7. Distinguish between primary and secondary succession. 
8. Compare and contrast the adaptations of early and late successional species. 
Resource Management Objectives 
1. Distinguish between featured-species and community management. 
2. Explain the importance of setting back succession to manage prairies. 
Essential Questions 
1. What is the importance of biodiversity? 
2. What causes populations to change? 


Teacher Notes 


Students should read Nature Unbound Chapter 8 before beginning Lesson 8 activities. 


Outline of Answers to Objectives 
See following page. 


Essential Activities 


Essential Activity 8.1—Measuring Biodiversity 
Essential Activity 8.2—Increasing Biodiversity 
Essential Activity 8.3—Thinking Like a Resource Manager 


End of Chapter Assessment 


Lesson 8 Questions and Answer Key 


192 NATURE UNBOUND: THE IMPACT OF ECOLOGY ON MISSOURI AND THE WORLD 


Summary 


Ecologists use species richness and relative abundance to measure and compare biological communities. 
* Biodiversity refers to the variety of genes, species and ecosystems in a given area. 
¢ Biodiversity is affected by latitude, habitat complexity and area. 
¢ The species richness of a community is a balance between immigration and extinction. 
* Communities undergo a sequence of predictable changes following a disturbance. 
e Early and late successional species have different adaptations. 


Outline of Answers to Objectives 
1. Explain how species richness and relative abundance are used to measure and compare communities. 
(Nature Unbound pp. 98-99) 
a. Species richness is the measurement of the number of species a community contains. 
b. Relative abundance shows how abundant one species is relative to all the others in a community. 
c. Taken together, species richness and relative abundance give an impression of the variety of life that exists 
within a community. 


2. Define biodiversity in terms of genes, species and ecosystems. (p. 101) 
a. Biodiversity is made up of three components: 
i. Species diversity—Species richness and relative abundance found in a certain area. 
ii. Genetic diversity—The variety of genotypes found among individuals in a population. High genetic 
diversity allows a species to adapt to changing environments. 
iii. Ecosystem diversity—The variety of different ecosystems that exist within a larger region such as a 
landscape or watershed. 
b. Biodiversity is an important yardstick to measure and compare different biological communities. This helps 
ecologists determine which areas support the greatest number of species, which areas would make good nature 
preserves, and which areas might provide habitat for endangered species. 


3. Explain the importance of high biodiversity. (p. 102) 
a. High biodiversity helps stabilize biological communities and helps communities recover from environmental 
change or human disturbance. Ecologists have shown that ecosystems recover faster from droughts, fires, 
diseases and other natural disasters if they harbor many species rather than just a few. 


4. Describe how biodiversity is affected by latitude, habitat complexity and area. (pp. 102-104) 
a. Latitude—For most groups of organisms, species richness increases toward the equator. 
b. Habitat complexity—Biodiversity is higher in complex ecosystems than simple ecosystems. Ecologists reason 
that more layers of vegetation provide more niches for a greater diversity of species. 
c. Area—As a general rule, large areas harbor more species than small areas (species-area rule). 


5. Explain how immigration and extirpation affect species diversity. (pp. 106-107) 

a. Species richness is a balancing act between immigration of new species into a community and extirpation of 
existing species from a community. 

b. As more species move in, the immigration rate will go down because fewer and fewer arrivals will be new 
species. Also competition between species will increase. Some species will outcompete others leading to 
competitive exclusion. Thus, as species richness increases, extirpation rates also increase. An equilibrium point 
is reached—the rate of immigration is balanced by the rate of extirpation. 

c. ‘The immigration rate of a habitat is influenced mainly by its distance from a potential source of immigrants. 

d. Extirpation rates are influenced by the size of a block of habitat. Small “islands” where resources are scarce will 
have higher extirpation rates than larger “islands” where resources are plentiful. 

e. ‘This is called the equilibrium model of island biogeography, first proposed by MacArthur and Wilson. 


NATURE UNBOUND: THE IMPACT OF ECOLOGY ON MISSOURI AND THE WORLD 193 


6. Illustrate how populations within a community change following an environmental disturbance. (pp. 107-108) 
a. After an environmental disturbance, a community will go through a sequence of changes called succession, or 
the replacement of one biological community by another over time. The populations within these communities 
also change to reflect the successional stage of the community. 


7. Distinguish between primary and secondary succession. (p. 108) 
a. Primary succession—lhis begins on areas without soil, such as bare rock, lava flows and areas scraped lifeless by 
retreating glaciers. 
b. Secondary succession—This occurs when the preceding community is destroyed but the soil is not. 


8. Compare and contrast the adaptations of early and late successional species. (pp. 108-109) 
a. Adaptations of early successional species: 
i. Seeds disperse easily and quickly. 
ii. Seeds can remain dormant in the soil for many years. 
iii. Plants germinate, grow and reproduce quickly. 
b. Adaptations of late successional species: 
i. Seeds are relatively large, providing more nutrients. 
ii. Plants grow slower than early successional species. 
iii. Plants allocate more growth to roots and stems to allow them to out-compete early successional species for 
water, sunlight and nutrients. 
iv. Organisms have adaptations that enhance their ability to compete for scarce resources. 


Resource Management Objectives 


1. Distinguish between featured-species and community management. (p. 105) 
a. Featured-species management focuses on a specific species. 
b. Community management focuses on the entire biological community. 


2. Explain the importance of setting back succession to manage prairies. (p. 111) 


a. Ina prairie community, disturbance maintains the climax community. Therefore periodic disturbance, usually 
controlled burns, helps maintain the climax prairie community. 
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Essential Activity 8.1 


Measuring Biodiversity 


Estimated Time 


(1) 50-minute class period 


Objectives 
Students will be able to: 
1. Explain how species richness and relative abundance are used to measure and compare communities. 


2. Explain the importance of high biodiversity. 


3. Illustrate how populations within a community change following an environmental disturbance. 


Teacher Preparation 

Have students reference 1.3 Transects—Collecting Data from their science notebooks and Table 8.2 on page 101 of the 
student book. Have students use the prior data collected and recorded from three areas in the schoolyard ecosystem 
as well as conduct sampling of three additional areas to determine and compare species richness, species evenness and 
biodiversity. Students should reference equations on pages 98-101 of the student book to determine: 

¢ Species richness: the total number of different species in each location 

¢ Species abundance: percentage of abundance of one species relative to all the others in a community 

¢ Biodiversity: Shannon-Weiner Index (species richness and relative abundance in a certain area) 


Materials 

Student science notebooks 

Pencils 

Nature Unbound student book 

Completed 1.3 Biotic Data—Plants and Biotic Data—Animals 
Copies of 8.1 Species Diversity Data Sheet (one per student) 
Scientific calculators 
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Procedure 


1. Have students complete their science notebook headings. 


2. Have students work in small groups to determine the species richness, relative abundance and biodiversity for the 
data tables they created in Essential Activity 1.3. 


3. Students should transfer the information collected in the tables from Essential Activity 1.3 to the 8.1 Species Diversity 
Data Sheet in order to do the calculations. 


4, Have students explain which site is more diverse. 


a. 


Explanations should include: 

i. claim (statement indicating which ecosystem is more diverse) 

ii. evidence (specific evidence/data showing values that indicate differences in species richness, biodiversity 
and species evenness) 

iii. reasoning (a statement that links the evidence back to the claim showing why the evidence counts and 
makes connections to appropriate scientific principles) 


5. Have students present their claims to the class. Were they all in agreement? Why or why not? 


Wrap up 
I. 


Have students discuss the following: 


a. Why does an ecologist study biodiversity? 
b. How might the diversity indices affect a management plan for an area? 
c. Which site has the highest biodiversity, and why is this important? 
d. What would happen to the diversity indices of the sites sampled if there had been a disturbance such as 
fire, flooding, etc.? 
Assessment 


1. Refer to Appendix 3: Scoring Guide for Oral Presentation on page 215. 


2. SeeScoring Guide for Claims and Evidence on next page. 
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Scoring Guide for Claims and Evidence 


Component 


Claim—An assertion or 
conclusion that answers 
the original question 


Evidence—Scientific data 


that supports the claim 


Data needs to be 
appropriate and sufficient 
to support the claim. 


Reasoning—A justification 


that links the claim and 
evidence and shows 
why the data counts as 
evidence to support the 


claim by using appropriate 


and sufficient scientific 
principles 


Extensions 
1. 
Essential Activity 1.1. 


Makes an accurate and 
complete claim 


Provides appropriate and 
sufficient evidence to 
support claim 


Provides reasoning that 
links evidence to claim. 
Includes appropriate 
and sufficient scientific 
principles 


Makes an accurate but 
incomplete claim 


Provides appropriate but 
insufficient evidence to 
support claim. 


May include some 
inappropriate evidence 


Provides reasoning that 
links the claim and 
evidence. 


Repeats the evidence 
and/or includes some 
but insufficient scientific 
principles 


2. Have students sample other areas and calculate the diversity index. 
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Does not make a claim or 
makes an inaccurate claim 


Does not provide evidence or 
only provides inappropriate 
evidence (evidence that does 
not support claim) 


Does not provide reasoning 
or only provides reasoning 
that does not link evidence 
to claim 


Have students calculate species richness, species abundance and biodiversity for the data tables created in 
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8.1 Species Diversity Data Sheet 
Directions: Use the data collected in 1.3 Biotic Data—Plants and Biotic Data—Animals to complete the chart below. 
Refer to the equations on page 100 of the student book to calculate the Shannon-Wiener diversity index. 


Site # 


Species Number of Proportions (p,) log, Pp, p, (log, p) 
Individuals 


198 NATURE UNBOUND: THE IMPACT OF ECOLOGY ON MISSOURI AND THE WORLD 


Essential Activity 8.2 


Increasing Biodiversity 


Estimated Time 


(1) 50-minute class period 


Objectives 


Students will be able to: 


1. Explain how species richness and relative abundance are used to measure and compare communities. 
2. Explain the importance of high biodiversity. 

3. Describe how biodiversity is affected by latitude, habitat complexity and area. 

4, Explain how immigration and extirpation affect species diversity. 

5. Illustrate how populations within a community change following an environmental disturbance. 

6. Distinguish between primary and secondary succession. 

7. Compare and contrast the adaptations of early and late successional species. 

Teacher Preparation 


Have students work in small groups and reference 8.2 Resource Management Scenarios Sheet. 


Materials 

Student science notebooks 

Pencils 

Nature Unbound student book 

Copies of 8.2 Resource Management Scenarios Sheet (one per group) 


Procedure 


1. 


2. 


3. 


4, 


Have students complete their science notebook headings. 
Provide each group with a copy of 8.2 Resource Management Scenarios Sheet. 
Have students read and discuss the scenarios. 


Have groups refer to Chapter 8 of their student book to answer the scenario questions. Groups should support their 
claims and evidence by including discussions of the following concepts (and/or other specific information/concepts) 
from Chapter 8 listed below: 

Species richness and relative abundance can be used to measure and compare communities. 

High biodiversity is important. 

Biodiversity is affected by latitude, habitat complexity and area. 

Immigration and extirpation affect species diversity. 

Populations within a community change following an environmental disturbance. 

There are differences between primary and secondary succession. 

Early and late successional species have different adaptations. 


m@menaose 
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Wrap up 
1. Have groups share their discussions with the class. Groups should reference specific paragraphs of Chapter 8 to 
support their claims and evidence. 


Assessment 
Refer to the Scoring Guide for Claims and Evidence in Essential Activity 8.1. 


200 NATURE UNBOUND: THE IMPACT OF ECOLOGY ON MISSOURI AND THE WORLD 


8.2 Resource Management Scenarios Sheet 


Scenario 1 

You are the resource manager for a conservation area. This area is a 1,000-hectare forest located in the Ozarks. All of the 
trees were cut down about 100 years ago. Since then, the forest has regrown into a climax community, and now all the 
trees are roughly the same age. To increase the biodiversity of the area, what steps would you take? 


Scenario 2 

You are the resource manager for a conservation area. On a site inventory, you discover a dry, rocky area on the 
southwestern slope of a wooded hillside. The area is overgrown with cedars and a few oak trees, but you know at one 
time this spot was a glade inhabited by grasses, wildflowers and lizards. What steps would you take to change the 
hillside back into a glade? How would changing the area back into a glade increase the biodiversity of the wooded 
hillside? 
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Essential Activity 8.3 


Thinking Like a Resource Manager 


Estimated Time 


(2) 50-minute class periods 


Objectives 
Students will be able to: 
1. Explain the importance of high biodiversity. 


2. Illustrate how populations within a community change following an environmental disturbance. 
3. Distinguish between primary and secondary succession. 


4, Devise a multi-step plan to restore the stability and/or biodiversity of an ecosystem when given a scenario describing 
the possible effects of human interactions with that ecosystem (e.g., harvesting, pollution, atmospheric changes). 


Teacher Preparation 
This activity may be done indoors or outdoors. Have students work in the same groups as Essential Activity 8.2. Have 
groups reference their discussion notes from 8.2 Resource Management Scenarios Sheet. 

Have student refer to page 44 of the student book for background information for Scenario 1. Have students refer 
to page 77 of the student book for background information for Scenario 2. 


Materials 


Student science notebooks 

Pencils 

Nature Unbound student book 

8.2 Resource Management Scenarios Sheet (one per group) 
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Procedure 


1. Have students complete their science notebook headings. 


2. Have groups reference information compiled during Essential Activity 8.2 and recorded on their 8.2 Resource 
Management Scenarios Sheet. 


3. Have groups choose either Scenario 1 or Scenario 2 and devise a multi-step plan to restore the stability and/or 
biodiversity of the specific conservation area ecosystem. 


4. Plans must include: 


a. 


b. 


A prediction of how the population(s) within the chosen conservation area ecosystem might have changed in 
number and/or structure in response to the changes in biotic and/or abiotic factors. 

An explanation of how environmental factors may have been agents of natural selection within the chosen 
conservation area ecosystem. 

A prediction of the impact (beneficial or harmful) the natural or human-caused environmental event of the 
chosen conservation area ecosystem may have had on the diversity in the ecosystem. 

A prediction and explanation of how natural or human-caused changes in the chosen conservation area 
ecosystem might affect other ecosystems due to natural mechanisms. 


‘The steps to restore or manage for the stability and/or biodiversity of the chosen conservation area ecosystem. 


Wrap up 


1. Have groups prepare and present their plans as resource managers. 


Assessment 
1. Refer to Appendix 3: Scoring Guide for Oral Presentation on page 215. 


2. Refer to Management Plan Scoring Guide on next page. 
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Management Plan Scoring Guide 


| |B points | 2 points | points | Opoints | 


A prediction of how the 
population(s) within the 
chosen conservation area 
ecosystem might have 
changed in number and/ 
or structure in response 
to the changes in biotic 
and/or abiotic factors 


An explanation of how 
environmental factors 
could have been agents 
of natural selection 
within the chosen 
conservation area 
ecosystem 


A prediction of the 
impact (beneficial or 
harmful) a natural 

or human-caused 
environmental event in 
the chosen conservation 
area ecosystem may have 
had on the diversity in 
the ecosystem 


A prediction and 
explanation of how 
natural or human- 


caused changes in the 
chosen conservation area 
ecosystem might affect 
other ecosystems due to 
natural mechanisms 


‘The steps of a plan 
to restore or manage 
for the stability and/ 
or biodiversity of the 
chosen conservation 
area ecosystem 
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Complete prediction 
and description 

of change to 

the population 

in number and 
structure as a 
response to a change 
in the biotic and or 
abiotic factors 


‘These factors 
are described. 


A complete 
explanation of how 
environmental 
factors could have 
been agents of 
natural selection 
within the chosen 
conservation area 
ecosystem 


A complete 
prediction of the 
impact and a 
description of the 
environmental event 
that has or may 
occur in the chosen 
ecosystem 


Complete prediction 
and explanation 

of how natural 

or human-caused 
changes in the 
chosen conservation 
area ecosystem 
might affect other 
ecosystems due to 
natural mechanisms 


Steps of the plan 
follow a logical 
sequence and 
timeline to restore 
biodiversity 


Complete prediction 
and incomplete 
description 

or 

Incomplete 
prediction and 
complete description 


An incomplete 
explanation but 
the environmental 
factors within the 
chosen area have 
been recognized 


An incomplete 
prediction and 
complete description 
of the event 

or 

Complete prediction 
and an incomplete 
description 


Incomplete 
prediction with an 
explanation of the 
natural or human 
caused changes 

or 

Complete prediction 
with an incomplete 
explanation 


Steps of the plan are 
incomplete, but they 
follow a time-line 


Incomplete 
prediction and no 
description 

or 

No prediction 
and incomplete 
description 


No prediction or 
description 


An incomplete 
explanation with 
no environmental 
factors recognized 


No explanation 


An incomplete 
prediction with 

no description of 
the impact of the 
environmental event 


No prediction 


Incomplete 
prediction with no 
explanation 

of the natural or 
human caused 
changes 


No prediction or 
explanation 


The plan is 
incomplete. The 
steps do not follow 

a timeline. There are 
only 1 or 2 steps and 
biodiversity is not 
restored. 


No plan is created 
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Lesson 8 


End of Chapter Assessment 


1. Interpret the graph below. 


Most tree species are 
moderately abundant. 


Few tree species Few tree species 
are rare. are abundant. 


Number of Species 


0 Number of Individuals 65 


This graph illustrates which of the following? 

‘That species increase and decrease 

The relative abundance of species in a community 
A bell shaped curve that indicates species health 
‘The rate of population growth over time 


oo TP 


2. Define biodiversity in terms of genes, species and ecosystem. 
3. Which community is more stable—one with high biodiversity or one with low biodiversity? Explain your answer. 


4, Which area would be most likely to have the highest biodiversity? 
a. A 10-acre forest in North America 
b. A 10-acre prairie in North America 
c. A 10-acre forest in South America 
d. A 2-acre forest in South America 
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5. Explain how immigration and extirpation affect species diversity. 


6. A tornado cuts a path through the Mark Twain National Forest. The trees in the forest are leveled, creating large 
swaths of open areas. Number the successional changes below in the order in which each would occur in the 
forest community. 

____ Perennial plants and woody vegetation (low shrubs) would appear. 
____ Climax vegetation of a mature forest is evident. 

___Early successional species will move in (annual plants). 

___ Small trees (high shrubs) would appear. 


7. Explain the differences between primary and secondary succession. 
8. Describe two adaptations of early successional species. 


9. Which of the following describes adaptations of late successional species? 
a. Have adaptations that help them germinate, grow and reproduce quickly 
b. Have adaptations that enhance their ability to compete for scarce resources 
c. Have adaptations that produce multicolored flowers 
d. Have adaptations that enhance their ability to produce high energy carbohydrates 


10. Describe one step to consider in a plan to restore biodiversity to an ecosystem. 


11. Why is it important to set back succession when managing for a climax prairie community? 
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Lesson 8 


End of Chapter Assessment Scoring Guide 


1. 


Interpret the graph below. (See graph on page 205) This graph illustrates which of the following? 
a. ‘That species increase and decrease 

b. ‘The relative abundance of species in a community 

c. A bell shaped curve that indicates species health 

d. ‘The rate of population growth over time 

Answer: b (1 point) 


Define biodiversity in terms of genes, species and ecosystem. 

Answer: 

¢ Genetic diversity—Genetic diversity is the variety of genotypes found among individuals in a population. High 
genetic diversity allows a species to adapt to changing environments. 

¢ Species diversity—Species diversity refers to the species richness and relative abundance found in a certain area. 

¢ Ecosystem diversity—Ecosystem diversity refers to the variety of different ecosystems that exist within a larger 
region such as a landscape or watershed. 

¢ Biodiversity is an important yardstick to measure and compare different biological communities. This helps 
ecologists determine which areas support the greatest number of species, which areas would make good nature 
preserves and which areas might provide habitat for endangered species. 


(4 points) 


Which community is more stable—one with high biodiversity or one with low biodiversity? Explain your answer. 
Answer: A community with high biodiversity is more stable. High biodiversity helps stabilize biological 
communities and helps communities recover from environmental change or human disturbance. (2 points) 


Which area would be most likely to have the highest biodiversity? 
a. A 10-acre forest in North America 

b. A 10-acre prairie in North America 

c. A 10-acre forest in South America 

d. A 2-acre forest in South America 

Answer: c (1 point) 


Explain how immigration and extirpation affect species diversity. 

Answer: Species diversity can increase as more species move in (immigrate.) However, over time, as more species 
move in, the immigration rate will go down because fewer and fewer arrivals will be new species. Also, competition 
between species will increase. Some species will outcompete others leading to competitive exclusion. Thus, as species 
richness increases, extirpation rates also increase. An equilibrium point is reached—the rate of immigration is 
balanced by the rate of extirpation. (2 points) 


A tornado cuts a path through the Mark Twain National Forest. The trees in the forest are leveled, creating large 
swaths of open areas. Number the successional changes below in the order in which each would occur in the 
forest community. 

Answer: 

2. Perennial plants and woody vegetation (low shrubs) would appear. 

4, Climax vegetation of a mature forest is evident. 

1. Early successional species will move in (annual plants). 

3. Small trees (high shrubs) would appear. 

(4 points) 
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7. Explain the differences between primary and secondary succession. 
Answer: Primary succession begins on areas without soil, such as bare rock, lava flows and areas scraped lifeless by 
retreating glaciers. This is in contrast to secondary succession which occurs when the preceding community was 
destroyed but the soil is intact. (2 points) 


8. Describe two adaptations of early successional species. 
Answer: 
Species grow quickly. 
Species reproduce quickly. 
Species produce many small seeds. 
Seeds disperse easily and quickly. 
Seeds can remain dormant in the soil for years. 
(2 points) 


9. Which of the following describes adaptations of late successional species? 
a. Have adaptations that help them germinate, grow and reproduce quickly 
b. Have adaptations that enhance their ability to compete for scarce resources 
c. Have adaptations that produce multicolored flowers 
d. Have adaptations that enhance their ability to produce high energy carbohydrates 
Answer: b (1 point) 


10. Describe one step to consider in a plan to restore biodiversity to an ecosystem. 

Answer should include one of the following steps: 

a. A prediction of how the population(s) within the chosen conservation area ecosystem might have changed in 
number and/or structure in response to the changes in biotic and/or abiotic factors. 

b. An explanation of how environmental factors could have been agents of natural selection within the chosen 
conservation area ecosystem. 

c. A prediction of the impact (beneficial or harmful) the natural or human-caused environmental event of the 
chosen conservation area ecosystem may have had on the diversity in the ecosystem. 

d. A prediction and explanation of how natural or human-caused changes in the chosen conservation area 
ecosystem might affect other ecosystems due to natural mechanisms. 

e. ‘The steps of a plan to restore or manage for the stability and/or biodiversity of the chosen conservation 
area ecosystem. 

(2 points) 


11. Why is it important to set back succession when managing for a climax prairie community? 
Answer: The tallgrass prairie biome and the eastern deciduous forest biome meet in Missouri. Historically, the 
“line” between the two was determined by rainfall and fire frequency. Without periodic fires, trees advance into 
prairies and shade out the grasses. Fire, the disturbance to the natural community that helps maintain the prairie, 
has been suppressed since European settlement. A resource manager must introduce fire to restore and maintain a 
climax prairie community, thus setting back succession. (2 points) 
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Lesson 9: Culminating Activity—Researching 
and Planning Like a Resource Manager 


Estimated Time 


Minimum of (2) class periods and 1 day for field experience 


Science CLEs 

EC.1.C.a. Devise a multi-step plan to restore and/or manage for the stability and/or biodiversity of an ecosystem 
when given a scenario describing the possible adverse effects of human interactions with that ecosystem 
(e.g., destruction caused by direct harvesting, prescribed burns, harvesting, habitat restoration, poaching, 
pollution, atmospheric changes) 


IN.1.B.a. Make qualitative and quantitative observations using the appropriate senses, tools and equipment to gather 


data (e.g., microscopes, thermometers, analog and digital meters, computers, spring-scales, balances, metric 
rulers,-graduated-cytinders) 


IN.1.C.a. Use quantitative and qualitative data as support for reasonable explanations (conclusions) 


Objective 
1. Devise a multi-step plan to restore the stability and/or biodiversity of an ecosystem when given a scenario describing 
the possible effects of human interactions with that ecosystem (e.g., harvesting, pollution, atmospheric changes). 


Teacher Preparation 
Students will research and develop a management plan based on an actual ecosystem within 100 miles of the school or 
based on an area within or adjacent to the schoolyard ecosystem. 

Have students work in groups. Group plans should include formulating testable questions and hypotheses and 
designing and conducting a valid field experiment. If possible, while students are working at the research site, arrange 
for a visit by the area manager and/or landowner of the site. 


Materials 

Student science notebooks 

Pencils 

Nature Unbound student book 

Name, details, coordinates, etc. of a specific ecosystem within 100 miles of the school 
(provided by teacher or researched and decided upon by class) 

Tools (decided upon by groups to accomplish specific research) 
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Procedure 
Pre-Field Experience 
1. Have groups research the area’s history, ecosystem components, management practices in effect (if any), etc. 


2. Have groups utilize Google Earth, GIS/Arcview or other mapping technology to create a map of the area. 
3. Groups should assess the stability and/or biodiversity of the ecosystem. 


4, Before the field experience, students must decide: 
a. What data is needed to help with their plan 
b. What tools are needed to collect the necessary data 


Field Experience and Post-Field Experience 
1. Have groups collect pertinent data and record observations and questions they have while collecting data. 


2. If possible while at the site, have groups visit with the area manager, landowner, etc. 


3. From data collected, groups should devise a multi-step resource management plan to restore the stability and/or 
biodiversity of the specific area ecosystem. 


4, Management plans must include: 

a. Overview—Explanation and description of the area to be managed. 
¢ Identify the habitat type. 
¢ Use collected data to give the area a biodiversity index. 
¢ Use data and record problems and/or potential problems or opportunities, for example, invasive species, 

endangered species, etc. 

b. Status of Area—Outline the situation or status. (Why is this area considered for a management plan?) 

c. Goal(s)—What are the goals for the management plan? (What do you want to accomplish?) 
¢ Identify at least 3 goals. 

d. Action Items/Strategies—How will the goal-specific actions be accomplished (be put into place)? What is going 
to be done, and how long will it take? (Many management plans take years to accomplish.) 
¢ Identify at least 1 action item/strategy for each goal. 

e. Assessment of Management Plan—How will the success of the management plan be assessed? Does the 
assessment match original goals? How would a multi-year plan be assessed? How would a multi-step assessment 
be used? 

f. Appendix 
¢ Data collected to create the management plan 

° References 
¢ All other information that supports the management plan 


5. Groups should prepare a presentation of their resource management plan to the class. They should also include an 


evaluation of their plan. How could they have made it better? Was there other data that could have been collected? 
Would other tools have made the task easier? 


Assessment 
1. Refer to Appendix 3: Scoring Guide for Oral Presentation on page 215. 


2. Refer to Scoring Guide for Management Plan on next page. 
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Scoring Guide for Management Plan 


po points | points | points 


Overview of 
management plan 


Status of area 


Goals 


Action items/strategies 


Assessment plan 


Overview is complete. 
Description of area 
includes habitat type and 
a biodiversity index. A 
problem/opportunity has 
been identified. 


Complete description of 
status of the area 


3 or more goals 
are described. 


Each goal has an 
action item. 


There is a plan for how the 
success of the management 
plan will be determined. 


‘The data collected about 
the area is included, and 
references are included. 


Overview is incomplete. 


Incomplete description 


1-2 goals are described. 


Not all goals have an 
action item, or they 
are incomplete. 


‘The assessment plan is 


incomplete. 


Either data or references 
are missing. 
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No overview 


No description 


0-1 goal is described 


No action items 


There is no plan. 


No data or references 
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Appendix 1: Scoring Guide for Data Sheets 
Score [Desciptn [Gti SSOSCSC~S~S~SCS 


4 points | Exceeds expectations _| All data sheets are complete. 
Comments and descriptions are included for each type of plant and animal sign. 
Common names and/or scientific names are used. 


3 points | Meets expectations All data sheets are complete. 
Comments or descriptions are included for each type of plant and animal sign. 
Some plants are identified. 


No identification of species is included. 
1 point Below expectations Many factors are missing from abiotic data sheet (3 or more). 
No comments or descriptions are included. 


NS Not scorable Data sheets are unreadable. 
No information was collected. 


2 points | Not yet within Some factors are missing from the abiotic data sheet (no more than two). 
expectations Few comments or descriptions are included. 
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Appendix 2: Checklist for Notebooks 


[NotebookElement Cresent | Not Present 
SS a 
Sa 
ee a 
ee 
Peeateinantentee 
CT 
fiacceanee 
feennneins 
a a 
simendipichavae Sd 
a 
sete dphchieeeetmines 
Peet iniah kininceme 
Paphelecreminiee 
ee 
enemies CC 
panrenadnnrnoneram | 
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Appendix 3: Scoring Guide 


for Oral Presentation 


Name Date 


Title/Topic 


Total Score/Grade 


pf 4Points | 3Points | 2 Points| Point 


Content/ ° 


Organization 


Delivery 


Comments: 


Clear purpose, 
subject 


Accurate content 


Sufficient support 
Major ideas clearly 
summarized 


Relaxed, 
self-confident 
Consistent eye 
contact 

Maintains 
appropriate volume 
and inflection 


Some success 
defining purpose, 
subject 

May contain 
minor inaccuracies 
Some supporting 
details 

Major ideas 
summarized but 
need refinement 


Remains calm 
in spite of minor 
mistakes 

Fairly consistent 
eye contact 
Satisfactory 
volume and 
inflection 


NATURE UNBOUND: THE IMPACT OF ECOLOGY ON MISSOURI AND THE WORLD 


Attempts to define 
purpose, subject 
Contains some 
inaccuracies 
Weak support 
Major ideas 
summarized but 
unclear 


Some tension 
Inconsistent eye 
contact 
Unsatisfactory 
volume with little 
or no inflection 


Purpose/subject 
not defined 

Many inaccuracies 
Weak or no 
supporting details 
Major ideas 
unclear or not 
summarized 


Nervous tension 
obvious 

Little eye contact 
Low volume and/ 
or monotonous 
tone 
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Appendix 4: Scoring Guide for Science Writing 


Scoring Guide 
Criteria 


The student will write 

an informative report 
with supporting details 
on the topic and use 
problem solving to locate 
information. 


The student will use 
correct grammar, 


punctuation, and spelling. 


The student will use 
correct indentation and 
complete sentences. 


From DESE: 


a |) es | es) 


‘The paper has an effective 
beginning, middle and 
end with a title. It clearly 
addresses the topic and 
provides specific and 
relevant details/examples 


with a clear controlling idea. 


‘The paper contains 

few errors in grammar, 
punctuation and/or 
spelling. It generally uses 
complete sentences. 


‘The paper has a beginning, 
middle and end. It generally 
addresses the topic but may 
contain some details that 
are not relevant. It contains 
a general sense of direction, 
but may lack focus. 


‘The paper contains errors 
in grammar, punctuation, 
and/or spelling that may be 
distracting to the reader. It 
contains some incomplete 
sentences that may be 
distracting to the reader. 


The paper lacks evidence 

of a beginning, middle 
and/or end. It attempts to 
address the topic, but lacks 
development and is difficult 
to follow and/or lacks focus. 


The paper contains 

repeated errors in grammar, 
punctuation and/or spelling 
that may be distracting 

to the reader. It includes 
incomplete sentences that are 
distracting to the reader. 


http://www.dese.mo.gov/divimprove/curriculum/ModelCurriculum/writingreason/summ_assess_scoring_guide.htm 
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Appendix 5: Scoring Guide for 
Experimental Design 


Testable Question 


Maximum Number of Points: 1 


1 Point 
Student correctly provides any reasonable testable question or statement of problem that: 
¢ Identifies what will be tested or measured 
¢ Will generate quantifiable data 
¢ Has a control or comparison inherent in the question 


Exemplary responses might take these appropriate forms: 

¢ Does (independent variable) affect (dependent variable)? 

¢ How does (independent variable) affect (dependent variable)? 
¢ Will (independent variable) affect (dependent variable)? 


0 Point 
The student does not correctly provide a reasonable testable question or statement of problem that meets the criteria 
listed above. 


Hypothesis 


Maximum number of Points: 1 


1 Point 
The student correctly provides any reasonable hypothesis based on the testable question or statement of a problem 
that predicts an effect, or the lack of effect, of the independent variable on the dependent variable. 


Exemplary responses take these appropriate forms: 

¢ — If (independent variable) (description of change in independent variable), then (dependent variable) (description 
of event). 

¢ As the (independent variable) (description of changes), the (dependent variable) (description of observed changes 
in dependent variables). 

¢ The (qualitative/quantitative change in independent variable) of (independent variable), the (quantitative change 
in dependent variable). 


NOTE: The “if, then” format does not have to be used in the student response in order for the student to earn full 
credit. 


0 Point 


The student does not provide a reasonable hypothesis based on the testable question or statement of a problem that 
predicts an effect, or the lack of effect, of the independent variable on the dependent variable. 
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Independent Variable 


Maximum number of Points: 1 


1 Point 
The student correctly identifies the independent variable for this investigation. The variable that is purposely 
manipulated (changed) by the experimenter is the independent variable. The independent variable is the factor 
believed to cause a change in the dependent variable. 


0 Point 
The student does not correctly identify the independent variable for this investigation. 


Dependent Variable 


Maximum number of Points: 1 


1 Point 
The student correctly identifies the dependent variable for this investigation. The variable that changes in response 
to the independent variable and is observed (collected as data) is the dependent variable. 


0 Point 
The student does not correctly identify the dependent variable for this investigation. 


Constants 


Maximum number of Points: 1 


1 Point 
The student correctly identifies why it is important to keep some conditions constant during an investigation. 
Constants are factors that remain the same and have fixed values. 
Any one of the following is acceptable: 
¢ ‘Their purpose is to isolate the factor (independent variable) that can affect the results. 
¢ ‘Their purpose is to make a fair comparison between the independent and dependent variables possible. 
¢ Constants are important because other variables could affect the results of the investigation. 
OR 


e Any valid statement explaining why constants are important including examples related to this investigation 


0 Point 
The student does not correctly identify why it is important to hold some conditions constant during an investigation. 


Identification of Constants 


Maximum number of Points: 2 
2 Points 
The student correctly identifies two constants for this investigation. Constants are factors that remain the same and 


have fixed values. Their purpose is to isolate the factor (independent variable) that can affect the results. 


1 Point 
The student correctly identifies one factor that should be kept constant for this investigation. 


0 Point 
The student does not correctly identify any factors that should be kept constant for this investigation. 
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Equipment 


Maximum number of Points: 3 


3 Points 
‘The student correctly identifies three pieces of equipment for this investigation. 


2 Points 
The student correctly identifies two pieces of equipment for this investigation. 


1 Point 
The student correctly identifies one piece of equipment for this investigation. 


0 Point 
‘The student does not correctly identify any pieces of equipment for this investigation. 


Graphing 


Maximum number of Points: 4 


4 Points 

The student correctly includes all four elements on the graph. 

One point for each of the following: 

¢ Appropriate title: a statement of the relationship between the independent and dependent variables or a 
statement of what is being tested 

¢ Both axes correctly labeled, with units, if appropriate 

¢ Appropriate number scales labeled along each axis: numbers written on the grid lines, numbers that allow all 
data to be plotted, consistently scaled 

¢ All data points correctly plotted 


3 Points 
‘The student correctly provides three of the four elements on the graph. 


2 Points 
The student correctly provides two of the four elements on the graph. 


1 Point 
‘The student correctly provides one of the four elements on the graph. 


0 Point 
‘The student does not correctly provide any of the four elements on the graph. 


Adapted from 2008 Biology Performance Event Released Form Rubric 
http://www.dese.mo.gov/divimprove/assess/documents/Biology_Performance_Event_Released_Rubric.pdf 
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